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Dre Xe Xe XXXXX, Professor 
Department of Dairy Science 
XXXXXX State University 

XXXXXX, XXXXX 


Dear Professor XXXXX: 


"Science or Technology" promises to be a lively topic for your 
student seminar discussion next week. Prior commitments force 
me to decline your invitation to be a member of the panel. 









May I make a few provocative comments which might be considered 
for discussion? 










Science is the parent of Technology. 









Technology is the application of Science to the Arts. 







Technology is the fruition of Science. 





Science and Technology are the foundation of American 
Economic Progress. 








Creamery Package's outstanding advances in dairy and food process- 
ing equipment have resulted from the APPLICATION of SCIENTIFIC 
KNOWLEDGE to PROCESSING and ENGINEERING ARTS. Many of our technical 
and management personnel are trained in dairy science and are members 


of The AMERICAN DAIRY SCIENCE ASSOCIATION. 


Tell your students we feel that both the PURE SCIENTIST and the 
TECHNOLOGIST are necessary, that one supplements the other, and 
that BOTH will benefit equally from membership in the ADSA. 


















Sincerely yours, 


$4, 2. Mattes e. 
H. L. Mitten, Jr. 
Director of Technical Sales 


HLM: eb 


P.S. We frequently have need for outstanding young men trained in 
dairy manufacturing, who have mechanical aptitude and interest in 
equipment. I would appreciate your so advising any qualifying 


students or recent graduates. 

















PEOPLE AND EVENTS 


R. H. Olmstead Dies 


R. H. Otmstreap, professor emeritus of 
Dairy Science Extension at the Pennsylvania 
State University, passed away September 11, 
1960, at the age of 68. 

A native of Pennsylvania, Olmstead entered 
Penn State as a student in 1912 and except 
for 1 yr. spent farm- 
ing, 1920-21, and a year 
of graduate study at 
the University of Min- 
nesota in 1922, he was 


associated with Penn 
State all his life. After 


graduation from college 
he spent 1 yr. as an 
instructor in Animal 
Husbandry and_ then 
spent 3 yr. as a County 
Agent. Following his 
farming interlude he 
joined the Dairy Ex- 





R. H. Olmstead 


tension staff and was 
associated with this group until his retire- 
ment in 1954. He served as chairman of the 


Dairy Seience Extension Section for 17 yr. 

Professor Olmstead was widely known as 
a dairy cattle judge and served as an official 
judge for the American Guernsey Cattle Club 
and the Holstein-Friesian Association of 
America. He did much pioneering work for 
the dairy farming industry in his state. He 
sparked a successful campaign to stamp out 
tuberculosis and brucellosis in dairy cattle, 
worked actively in the forming of the early 
bull associations, and later assumed leader- 
ship in establishing the five artificial breed- 
ing cooperatives of Pennsylvania. Over the 
years he was the author of many extension 
bulletins and cireulars dealing with the prob- 
lems of breeding efficiency, artificial breeding, 
and feeding dairy cattle. 

Both before and after his retirement he 
was honored for his many contributions to 
Pennsylvania dairying. In 1951, Penn State’s 
Dairy Science Club dedicated its Annual Dairy 
Exposition to him and for several years the 
Pennsylvania Jersey Cattle Association has 
annually awarded an Olmstead Trophy to 
the outstanding 4-H Dairy Club member in 
Pensylvania. The Pennsylvania Dairymen’s 
Association held a Bob Olmstead Day on the 
Penn State Campus when he retired. Hun- 
dreds of dairymen and friends from through- 
out the State came to honor him. 

In spite of ill health in recent years, he 
still maintained close contact with his friends 
in the dairy industry. Up until his passing 
he edited a monthly publication, Bob-O- 
Grams, for the Artificial Breeding Cooper- 
atives of Pennsylvania. He also maintained 





a keen interest in hunting, fishing, and golf. 
He was a long-time member of A.D.S.A. and 
was also affiliated with Gamma Sigma Delta, 
Delta Upsilon, and Epsilon Sigma Phi fra- 
ternities and the Masonic Lodge. 

He is survived by his widow, Evelyn, a 
daughter, Carolyn Olmstead Pearce, a son, 
Robert, Jr., and three grandchildren. 


H. O. Henderson Retires 


H. O. HeNpERSON retired from active duty 
with the Department of Dairy Science at 
West Virginia University on June 30 after 
more than 41 yr. of service at that institution. 

Graduating from Pennsylvania State Col- 
lege in 1915 with his B.S. in Dairy Produe- 
tion, he earned his Mas- 
ter’s the next year. 
After 2 yr. of County 
Agent work in his home 
state, Dr. Henderson 
came to West Virginia 
as Extension Dairy 
Specialist and became 
a member of the Dairy 
Department teaching 
and research staff when 
it was organized a year 


later. He earned the 
Ph.D. under the late 
C. H. EcKkues at the 


H. O. Henderson 


University of Minne- 
sota in 1928. That same year he became 
Head of the Department at West Virginia 
University and for nearly 30 yr. he performed 
the duties of that office with energy and 
understanding. The Dairy Department be- 
came known for its intradepartmental har- 
mony and _ interdepartmental cooperation. 
About 4 yr. ago, he gave up his administrative 
duties to devote full time to teaching and 
research. A few of the high lights of his 
career include: 

Developing excellent herds of the four major 
breeds of dairy cattle which are among the 
top producing experiment station herds in 
the country. 

His textbook, Dairy Cattle Feeding and 
Management, 4th edition (with Paul Reaves), 
is outstanding in its field and widely accepted 
and used for advanced courses at many of 
our universities. He has authored or co- 
authored well over 100 research bulletins and 
scientific papers, has read or been largely 
responsible for more than 60 scientific papers 
before meetings of scientists, and has always 
given freely of his time to speak at farmers’ 
meetings throughout West Virginia. 

He has developed: or encouraged short 
courses in both dairy production and tech- 
nology, judging schools, dairy day, the state 
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dairy cattle show, and other activities which 
help Extension bring the University to the 
dairyman. His work with the West Virginia 
Department of Agriculture and the West Vir- 
ginia Department of Health has been of great 
service in bringing to the consumers of the 
state pure and wholesome milk and milk 
products. 

He was honored in 1958 as the recipient of 
the American Dairy Science Association’s 
Master Teaching Award in Dairy Production. 

Perhaps the surest way of measuring the 
value of a teacher is to study the success of 
his pupils. Professor Henderson’s students 
have made an enviable record in the dairy 
industry and agriculture of the state and 
nation. Of course, many of them are still on 
their way up, but of his former students three 
have become deans of agricultural colleges, 


three directors of experiment stations, one 
a director of Extension Service, one a uni- 
versity vice-president, at least eight head 


their dairy departments at state colleges, four 
head their divisions in the USDA, and many 
others are in college teaching and research. 
A host are county agents and teachers of 
Voeational Agriculture and some of the most 
noted herdsmen in the nation received their 
training under his expert teaching. 

Dr. Henderson was honored during the 
Dairy Day program on June 30, 1960, at the 
University Dairy Farm, at which time he was 
presented with a bound volume containing 
letters from more than 150 of his former 
students and co-workers. The dairy staff pre- 
sented the departinent with a large framed 
picture of the honoree, to be hung in the dairy 
offices in the new agricultural building aow 
nearing completion. It was announced that 


an H. O. Henderson Loan Fund has been 
established to help students finance their 
studies. 


Although Harry O. Henderson’s official ties 
with West Virginia University are at an end, 
his influence is continually expanding as the 
training and counsel of his former students 
are being reflected in their contacts with 
thousands of young people. 


Georgia News 

An enthusiastic group of 114 of Georgia’s 
145 registered sanitarians were included in 
the Annual Conference of Georgia Sanitarians, 
an affiliate of the International Association 
of Milk and Food Sanitarians, held at the 
University of Georgia’s Center for Continu- 
ing Education on September 29-30, 1960. 

Plans were made for a joint meeting with 
the International Association of Milk and 
Food Sanitarians to be held at Jekyll Island, 
Georgia’s year-round resort, on August 15-17, 
1961. 

RayMOND SUMMERLIN was elected president; 
J. R. Cup, vice-president, and J. J. SHEURING, 
secretary-treasurer. 
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UNIVERSITY OF GEORGIA UNDERGRADUATE 
SCHOLARSHIPS 


There are twenty undergraduate scholar- 
ships available to majors in the Dairy De- 
partment. This is the largest number ever 
offered. They are supplied by people in the 
dairy industry of the state. 


GEORGIA PropuCcTION SHORT COURSE 


The 1961 Dairy Production Course of the 
University of Georgia will be held January 
31 to February 2, inclusive. It will be offered 
in three areas, as usual. The theme will be 
Proper Milking Procedure for Greater Profits 
and Better Herd Health. In addition to local 
members, GeorGE Hopson of DeLaval Sepa- 
rator Company, and H. G. Hopes, Supervising 
Veterinarian in the State Mastitis Control 
Program at Cornell University, will be on 
the faculty. 


OPEN 


LIVESTOCK-PoULTRY BUILDING 


University of Georgia Livestock-Poultry Build- 
ing. Left background, Biological Sciences; right 
foreground, Food Technology. 


With the opening of the fall quarter, the 
Production Section of the Dairy Department, 
along with the Animal Husbandry and Poultry 
Departments, is occupying the new Livestock- 
Poultry Building at the University of Georgia. 
The building has a floor space of 60,000 sq. 
ft., 75 laboratory stations, and 280 classroom 
stations, built at a cost of $1,227,160. The 
Dairy Department offices—a lecture hall, re- 
search and teaching laboratories in animal 
nutrition and breeding—are located on the 
third floor. The Manufacturing Section of 
the Dairy Department now occupies all of 
the Dairy Science Building, in which the 
entire department has been housed previously. 
Animal Husbandry offices and laboratories 
and a service laboratory operated by the 


three departments are on the second floor of 
the new building. Poultry Department offices 
and laboratories and large animal and metabo- 
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installation. Fully auto- 
matic system pre-engi- 
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Provides complete clean- 
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trolled detergent and 
water usage. Automatic 
time and temperature 
control. Also new im- 
proved Klenz-Spray units 
for cleaning bulk pick- 
up tanks and storage 
tanks. Only Klenzade 
offers this wide choice 
of selective components 


and matching systems. 


Most Versatile Systems Yet Devised 
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lism laboratories are on the first floor. The 
building is a unit of the new Science Center 
composed of six structures, five of which are 
in use. The Biological Sciences unit, eight 
stories high, is nearing completion. 


MIssion Alps CAMBODIA 


C. C. Murray, Dean of Georgia’s College 
of Agriculture and J. W. Fannine, Head of 
the Division of Agricultural Economies, re- 
cently made a survey of higher agricultural 
education in Cambodia. Upon their return, 
a mission of six members was assembled and 
has gone to spend 2 yr. aiding the National 
College of Agriculture, Animal Husbandry 
and Forestry, at Punom, Penh, Cambodia. The 
mission consists of D. L. Branyon, Extension 
Agronomist; E. W. Causgy, Associate Pro- 
fessor of Veterinary Clinical Medicine; S. M. 
DiAMOND, Assistant Extension Dairyman; G. L. 
JoHNSON, Extension Agricultural Engineer; 
F. EK. JOHNSTONE, Head of the Department of 
Horticulture; and Henry StTorurR, Associate 
Professor of Forestry at the University of 
Georgia. 

Illinois News 

Ling ESTERGREEN, who recently received a 
Ph.D. trom the University of Illinois, ae- 
cepted a position on September 1, 1960, in 
the Post-Doctoral Training Program in Steroid 
Biochemistry in the Department of Biochem- 
istry at the University of Utah. 

He is one of the 11 trainees seleeted from 
75 applicants from all over the world. Only 
two of the 11 trainees are from the United 
States. The others are from Australia, Ar- 
gentina, Canada, Chile, India, Japan, Switzer- 
land, and Turkey. This program is sponsored 
and supported by the United States Public 
Health Service. Its purpose is to give in- 
tensive training in steroid organic chemistry 
and to train medical doctors and Ph.D.’s in 
steroid separation and in the estimations and 
identifications from biological materials. 


Indiana News 


Dairy FIELDMEN’S AND Dairy PLANT 
OPERATOR’S CONFERENCES 
AT PURDUE 

The 1960 Dairy Fieldmen’s and Dairy Plant 
Operator’s Conferences were held at Purdue 
University on November 15 and 16, respectively. 
The conferences were sponsored jointly by the 
Dairy Department and the indiana Dairy Prod- 
ucts Association. 

F. N. Anprews, Head of the Dairy Depart- 
ment, planned a Fieldmen’s program which 
included discussions on mastitis and the Q- 
Fever problem, methods of forage preserva- 
tion, herbicide and pesticide residues, dairy 
farm building arrangements, and the role of 
dairy fieldmen in dairy plant quality and public 
relations programs. 
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REMOVES and PREVENTS MILKSTONE 


An independent lab tested PENNSAN 
on nine farms producing Grade A raw 
milk. These trials plus successful farm 
experience fully prove PENNSAN’s 
effectiveness in removing and prevent- 
ing milkstone on equipment. 











PRESENCE OF PRESENCE OF 
PRODUCER MILKSTONE BEFORE MILKSTONE AFTER 
PENNSAN USE PENNSAN USE 
1 Yes No 
2 Yes No 
3 Very slight No 
4 Very slight No 
5 Yes No 
6 Yes No 
7 Yes No 
8 Yes No 
9 Yes No 











PENNSAN is the superior bactericide serv- 


ing the needs of modern sanitization. 
It removes and prevents milkstone and 





films, works in even hardest water, 
does not corrode stainless steel . . . con- 
trols bacteriophages without affecting 
starter cultures. PENNSAN is a unique 
chemical sanitizer—a new concept to 
serve more sanitizing and cleaning needs. 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700S. Eastern Ave., Los Angeles, Cal. 
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The Dairy Plant Operator’s Conference in- 
cluded papers on testing and accounting for 
incoming receipts and finished products, re- 
sults of a study of the types of records plants 
need for product accounting, quality control 
measures for dairy plants, and recent devel- 
opments in milk filtering practices. 


Minnesota News 


J. W. Muper, Gridley, Kansas, assumed 
the duties of extension dairyman at the Uni- 
versity of Minnesota beginning October 1. 

Sku Rurrorp, director of the Agricultural 
Extension Service, has announced that Mudge 
will fill one of the va- 
caneies left by the re- 
tirement of  RAMER 
LeigHTton and H. R. 
SEARLES, former exten- 


sion dairymen on the 
St. Paul campus. He 
will cooperate with 


farmers, county agents, 
other extension special- 
ists, and loeal Dairy 
Herd Improvement as- 
sociations in eduea- 
tional programs on in- 
proved dairy practices. 

A native of Kansas, 
Mudge earned his B.S. in 


J. W. Mudge 


dairy husbandry 
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and his M.S. in animal breeding at Kansas 
State college. Since 1956 he has been study- 
ing for his Ph.D. degree and working as a 
graduate research assistant at Kansas State 
university. 

Mudge served in the U. 5. Navy from 1942 
to 1946 and was discharged with the rank of 
lieutenant. From 1946 to 1947 he was dairy 
herdsman at Kansas State college. He farmed 
in partnership with his father from 1947 to 
1950 and operated his own dairy farm from 
1950 to 1955. During this time he was active 
in breeding and showing registered dairy 
cattle. 

Michigan News 

The Department of Food Science at the 
Michigan State University is offering a numn- 
ber of short courses in 1961. The schedule 
is as follows: Quality Control and Analyses, 
January 9-20; Cottage Cheese and Cultures, 
January 23-February 3; Market Milk, Feb- 
ruary 6-17; Iee Cream, February 20-Mareh 3; 
Dairy Plant Supervision, Mareh 6-17. 

Ohio State News 

The 1960 Ohio State Fair Dairy Products 
Competition contained several new features. 
A contest in ice cream manufacture, ineluding 
vanilla, chocolate, and strawberry flavors, was 
added to replace the old individual dairy 
products judging contests. Also, the Cottage 
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FOR TECHNICAL HELP... 


cll the man fom Ep lumentbal 


In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 
2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 

by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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Cheese event was divided into two classes— 
large curd and small eurd. 

Furthermore, the quality system of making 
awards was adopted in place of the ranking 
system. All products scoring 93 or better re- 
ceived blue ribbons, products scoring 92-91 
received red ribbons, and products scoring 90 
received white ribbons. In addition, the blue 
ribbon winners in each of the ice cream and 
Cottage Cheese classes received cash awards 
and special certificates from the Ohio State 
Fair Dairy Products Steering Committee and 
the Ohio State University Department of 
Dairy Technology. 

The Swiss Cheese contest was conducted as 
in previous years, with companies being al- 
lowed to enter both the wheel-style and the 
rindless block-style classes. Official judges of 
the competition were R. E. HarpELL, Monroe, 
Wisconsin, for Swiss Cheese, and J. M. JEN- 
SEN, Michigan State University, for Iee Cream 
and Cottage Cheese. Mr. Jensen also con- 
ducted clinies in connection with the Ice Cream 
and Cottage Cheese contests. 

Winners of the various classes were: 

Swiss Cheese: Wheel style—lst, ApEL Lap- 
RACH, Sugar Creek; 2nd, Ropert RAMSEYER, 
Holmesville; 3rd, Ernest Scumip, Millersburg. 
Rindless block style—lst, Hans Jore, Sugar 
Creek; 2nd, CLAreNcE Bucus, Baltic; 3rd, 
ERNEST ScuMip, Millersburg. 


Ice Cream: Vanilla—Blue Ribbon: Smith 
Dairy Products Company, Orrville; Red Rib- 
bon: Harmony Farms, Columbus; Johnson’s 
Real Ice Cream, Columbus; White Ribbon: 
Allen Milk Company, Grove City. Choeo- 
late—Blue Ribbon: Smith Dairy Products 
Company, Orrville; Allen Milk Company, 
Grove City; Red Ribbon: Reiter and Harter, 
Ine., Akron; Johnson’s Real Ice Cream, Colum- 
bus; White Ribbon: Isaly, Marion; Harmony 
Farms, Columbus; Elm Farm Dairy, Medina. 
Strawberry—Blue Ribbon: Smith Dairy Prod- 
ucts Company, Orrville; Red Ribbon: Reiter 
and Harter, Ine., Akron; White Ribbon: 
Maple Grove Dairy, Johnstown. 

Creamed Cottage Cheese: Large curd—Blue 
Ribbon: Havenshire Farm, Fremont; Red 
Ribbon: Purity Dairy, Beloit; Harmony 
Farms, Columbus; Babeoek Dairy, Toledo; 
White Ribbon: United Dairy, Waterford; 
Boerger Dairy, Cincinnati; Borden’s, Spring- 
field; Cherry Grove Dairy, Toledo. 

Small curd—Blue Ribbon: Farm Dairy 
Coop., Barnesville; Miami Valley Milk Pro- 
ducers Association, Greenville; Med-O-Pure 
Dairy, Washington, C. H.; Red Ribbon: 
United Dairy, Waterford; Moler Belmont 
Dairy, Dayton; Borden’s, Springfield; Allen 
Milk Company, Grove City; White Ribbon: 
McClelland’s Home Dairy, Laneaster; Fair- 
mont Foods Company, Athens; Harmony 
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Farms, Columbus; Maple Grove Dairy, Johns- 
town; Weil Cheese Company, Blue Ash. 


Ear. Grikser, President of the Napoleon 
Creamery Company, Napoleon, Ohio, received 
the Dairy Technology Award of Merit at the 
Ohio State University Department of Dairy 


Technology Homecoming Brunch, October 22, 
1960. The Award is based on contributions 
and leadership in the 
Dairy Industry and 

civie affairs. 
Presentation of the 
Award of Merit was 


made by R. M. Korrt- 
MAN, Dean of the Col- 
lege of Agriculture. 

Following World War 
I, Grieser formed the 
Holgate Produce Com- 
pany. In 1925, he and 
several associates 
started the Napoleon 
Creamery Company, 
with Grieser serving as 
the first manager. In 1950, he was appointed 
president of the company, a position he still 
occupies. 

Through the years Grieser has served the 
Dairy Industry locally as well as nationally. 
He served for several terms on the Board 
of Directors of the American Butter Institute 
and in 1958 was elected president of the In- 
stitute. In Ohio he has served numerous 
terms on the Board of Directors of the Ohio 
Dairy Products Association and has been pres- 
ident of the Ohio Butter Manufacturers 
Association. 

In addition to serving the Dairy Industry, 
Grieser has been a leader in the community 
of Napoleon. He has been on the City Coun- 
cil for two terms, was a member of the Henry 
County Fair Board for several years, is a 
15-yr. member of the Hospital Board, and is 
a director of the Community Bank. In 1958, 
he was honored by the Napoleon Chamber 
of Commerce as Man of the Year and was 
presented with the Community Service Award. 





Earl Grieser 


Kk. A. GRABER has been appointed executive 
secretary of the Ohio Dairy Products Asso- 
ciation. He replaces F. J. GREINER, who re- 
signed to take a position with the Columbus 
Retail Merehant’s Association. Graber for- 
merly served as associate director of the Bu- 
reau of Loeal Health Services in the Ohio 
Department of Health. In that position he 
was active in arranging the original Milk 
Sanitation and Grade A Program in Ohio. 


West Virginia News 


A. Ti. Raxgs, a native of Floyd, Virginia, 
has accepted a teaching and research position 
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with the Department of Dairy Science at 
West Virginia University. A recent recipient 
of a doctorate at Cornell University, where 
he majored in Animal Nutrition, Dr. Rakes 
earned his B.S. and M.S. at Virginia Poly- 
technic Institute in Dairy Husbandry. 
Virginia News 

An Ayrshire herd has been acquired by the 
Virginia Polytechnic Institute through the 
generosity of Mrs. H. J. CuisHoutm of Port 
Chester, New York. This new herd will be 
known as the Strathglass Memorial Herd, 
and will be used in the research and instrue- 
tional programs of the Dairy Science De- 
partment. It consists of 19 of the top females 
of the well-known Strathglass herd. The cows 
range in age from 4 to 11 yr., with three 
classified as excellent, 15 very good, and one 
unclassified. Seven of the cows were sired 
by Strathglass Supreme Dairyman, an excel- 
lent approved sire; six by Cowgrove Lucifer, 
also an excellent approved sire; two by Low 
Milton Vaughan, approved; and one each by 
Burton Scottish Knight and Elyman’s Master- 
key. Four of the cows are approved dams. 

The establishment of the Ayrshire herd will 
strengthen the research and teaching pro- 
grams of the Department of Dairy Science 
and should stimulate the breeding of more 
Ayrshires in Virginia. The Virginia Ayrshire 
Breeders’ Association has been invited to coop. 
erate in developing the herd. 


From the Secretary’s Desk 


Awards Nominations Needed 


Of the 289 persons who renewed their mem- 
bership by November Ist “or 1961, only 15 
used the nomination forms sent with the dues 
notices. Most of the forms received con- 
tained nominations for only one or two awards. 

No nominations have been made for the new 
Distinguished Service Award which was an- 
nounced in the October Journal. 

It is true that dues notices were not re- 
ceived by members until the latter part of 
October and that those who renewed by No- 
vember lst are only a small fraction of those 
who will. However, nominations for awards 
must be increased greatly if the people eligible 
for them are to have an opportunity to be 
considered. 


New Member Suggestions 


Members, please observe that the dues notice 
invited you to suggest candidates for mem- 
bership. Of the number who have paid 1961 
dues, only six members have nominated seven 
candidates for membership. You can help 
your Association by giving this matter more 
thought. 

H. F. Jupkins 
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i make orange, lemon and grape drinks must be of 
= uniform freshness and quality—so it’s no wonder 
iy that the swing is to fruit bases by Kraft. All are 
_ made under the careful supervision of Kraft’s 
ire food experts and backed by Kraft’s reputation 
for the finest food products. 

Kraft Orange Base, for example, is produced 


from lush tree-ripened oranges. And the drink it 


makes will have a true fresh-squeezed flavor. Al- 


~ ways just right, always uniform. 

. To those dairies who use Kraft fruit bases, 
a Kraft dependability means fruit drinks that 
* equal, in quality and uniformity, their own fine 
. milk products. Would you like samples for class- 


room work? Just write your nearest Kraft off-ce. 


we B® 


KRAFT FOODS DAIRY SERVICE DIVISION (KRAFT) 
500 Peshtigo Ct., Chicago 99, Illinois « New York « Garland, Texas » San Francisco x Lf 
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STUDENT CHAPTER NEWS 


J. KE. JoHNstTON, Editor 


A Section Devoted to News of Student Members 


Student Chapter Annual Reports 


The Constitution of the National Student 
Branch of the American Dairy Seience Asso- 
ciation requires that the member branches 
submit a report of their activities to the See- 
retary-Treasurer of the parent association not 
later than June 1 of each year. The reports 
have been reviewed by Pau. Larsen of Utah 
State University. He has prepared the fol- 
lowing summary to give student members 
some idea of the type of activities carried out 
by the Chapters. 

In general, the reports were complete 
enough to indicate the activities of the 
branches. However, a few were rather briet 
and showed lack of preparation. The reports 
were. somewhat more standardized this year 
due to greater experience of the branch mem- 
bers and their advisors, along with the fact 
that instructions of the Student Affiliate Com- 
mittee were more explicit and understandable. 

Practically all branches appeared to be do- 
ing a very good job. Some of the activities 
reported by various branches are listed below: 

Educational programs. Competent guest 
speakers seemed to be the most used medium 
for educational programs. Among the topics 
discussed were, Opportunities in the Dairy 
Industry, Selling and Merchandising, I.B.M. 
Record Keeping, Quality Control, Artificial 
Insemination, Agriculture in Foreign Lands, 
Animals’ Health and Hygiene, Bacterial Cul- 
tures, and Antibiotics and Pesticides. Films 
played an important part in the educational 
programs as did tours to dairy farms, dairy 
processing plants, and allied industries. Other 
activities of an educational nature were the 
sponsorship of fitting and showing contest; 
dairy cattle and dairy product judging con- 
tests, of both high school and college level; 
preparation of booths, floats, and exhibits de- 
picting some phase of the dairy industry, and 


attendance at Dairy Technology Society 
meetings. 
Awards program. Several branches have 


award programs in operation which consist 
of trophies or cash awards to outstanding 
dairy students and outstanding men in the 
dairy industry. One branch gave a cash award 
to the student representing them in the Gradu- 
ate Student Scientific Paper Presentation at 
the annual meeting of the American Dairy 
Seience Association. 

Encouragement of interest in dairying as 


a career. Assisting with Career Days, 4-H 





and F.F.A. cattle and dairy product judging 
contests, freshman socials, exhibits at high 
school days, and educational fairs, publica- 
tion of yearbooks and brochures on the ad- 
vantages of dairying as a career, freshman 
counseling, and financial assistance to judging 
teams were helpful in interesting others in 
dairying. 

Fund-raising activities. Christmas cheese 
sales (an item of increasing importance), milk 
and ice cream vendors, dinners and_luneh- 
eons at conferences, milk hours, health 
breaks, heifer projects, concession booths at 
fairs, sales and other agricultural events, and 
sale of advertising space in yearbooks, among 
others, were used as means of supporting the 
clubs. Nearly all of the clubs were in good 
financial condition. The cash on hand at the 
end of the year’s activities varied from a 
low of $5 to over $3,500. 

Social activities. Wiener roasts, steak fries, 
Christmas parties, dances, exchange meetings 
with home economies students, pienies, bar- 
becues, costume parties, pizza parties, bean 
bakes, and intramural sports added to the 
social life of the members. 

Relation with alumni and industry. News 
letters, Christmas letters, yearbooks, alumni 
address lists, participation in and assisting 
with dairy conferences, shows and sales, at- 
tendance at meetings of Dairy Technology 
Society, all serve to unite the students, alumni, 
and industry. 
activities. Attendance at an- 
nual meeting of the Association, preparation 
of exhibits and serapbooks, participation in 
the graduate student scientific presentation 
award, and encouragement of student affiliate 
membership are important items in Associa- 
tion activities. Some branches gave financial 
assistance to their delegates to the annual 
meetings. Several branches attended sectional 
meetings of the Association. One branch had 
39 student affiliate members; whereas, a few 
of them reported no student affiliate members. 

Many other worthwhile activities were also 
reported. The foregoing list might serve as 
a guide to those branches seeking a means of 
increasing their activities and usefulness. An 
examination of the list of committees indi- 


Association 


cated that many young men are getting leader- 
activities in 


ship experience through their 


the branches. 
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PROTEIN 


essential in 
time of crises 


First among nutrients, protein is needed by 
hungry helpless children in economically 
less well-developed countries of the world 
... S80 they may live and grow. . . and may 
elevate the educational, health and economic 
status of their countries as healthy vigorous 
adults. 


In such countries, protein malnutrition oc- 
curs when the diet is deficient in amount or 
quality of the protein consumed . . . with or 
without sufficient calories. In children this 
may result in retardation or cessation of 
growth .. . weight loss . . . edema. . . mus- 
cular wasting . . . apathy and other psychic 
changes . . . dermatitis . . . changes in hair 
... diarrhea . . . enlargement of liver from 
fatty infiltration . . . changes in protein, 
albumin, amino acids and certain enzymes 
in blood serum . . . and poor absorption of 
fat during acute stages. 


Children 1 to 3 years old are most vulnerable 
... displaying acute deficiency after weaning 
on a diet devoid of milk or other forms of 
animal protein... usually precipitated by 
infection or other stress. In Haiti. . . 2/3rds 
of the children of this age are believed to 
suffer some degree of protein malnutrition. 
In the United States, protein malnutrition 
is rarely seen. 


Oral feeding of milk is the preferred treat- 
ment for children with chronic severe pro- 
tein malnutrition. Supplementation of milk 
with lysine does not improve its nutritive 
value. Where anemia is apparent, iron or 
folic acid supplement may be needed. 


Milk is man’s first dietary source of protein 
...and is the most economical and con- 
tinuously available source of high quality 
protein of animal origin in the world today. 
Wherever milk is made available to hungry 
children, protein deficiency can be prevented 
or corrected. 


The nutritional statements made in this adver- 
tisement have been reviewed by the Council 
on Foods and Nutrition of the American 
Medical Association and found consistent 
with current authoritative medical opinion. 
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EMPHASIZE REGULAR CLIPPING 


for the production of quality dairy products 







STEWAR] 


ELECTRIC 


CLIPMASTER 


ANIMAL CLIPPER 


Good sanitary practice calls for a 
regular clipping program. Clipped 
cows are easier to keep clean. Clean 
cows mean less sediment anda lower 
bacteria count. Milk with a lower 
bacteria content is more desirable. 


Leading health authorities say: ‘A 
regular clipping program means 
more wholesome milk. It is an essen- 
tial step in the production of quality 
dairy products.” Emphasize the ad- 
vantages of regular c'ipping. It 
reduces sediment, lowers bacteria, 
avoids contamination and increases 
— from production of cleaner, 

igher quality milk. 


Pree! 


Bulletin 100—“The 
Method and Benefits 
of Clipping Dairy 
Cattle and Other 
Farm Animals.” This 
handy manual points 
out the advantages 
of a regular clipping 
program and illus- 
trates the 5 simple steps in clipping 
dairy cattle that can be easily learned 
by everyone. Contains no advertis- 
ing. Send for your free copy. 





Powerful Motor 
Inside the 
Handle 


No. 51 Clipmaster 
Animal Clipper 








REGULAR BLADES 


7: 
NO. 84AU NO. 83AU 
Bottom Blade Top Blade 





SPECIAL BOTTOM BLADES 


— S 


NO. 31Q-1 NO. E8 
Thin Blade Fine Hair Blade 











Sinbeim CORPORATION osuyRean, 


Dept. 141, 5600 West Roosevelt Road, Chicago 50, Illinois 


CLIPMASTER 
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Student Affiliate Membership Drive 


The membership drive for student affiliate 
members of the Association is drawing to 
a close. Each chapter should survey its mem- 
bership to determine whether there are indi- 
viduals who should be affiliate members who 
have not yet joined. This raises the question 
of who should join. Our general recommenda- 
tion is that all graduate students and under- 
graduates who are juniors and seniors should 
be affiliate members. This membership has 
two basie advantages to the student. One 
is the opportunity to participate in the ac- 
tivities of the professional society of the 
Dairy Industry. The other is the chance to 
receive the JouRNAL OF Dartry SCIENCE each 


month. We oceasionally hear the objection 
that the JouRNAL is too technical for the 
average undergraduate to understand. In 


these days of rapid technological advance- 
ment, in both the production and processing 
phases of our industry, we must take issue 
with this concept. The undergraduate period 
is the time when the future leaders of our 
industry must develop an understanding of 
the scientific bases upon which the industry 
is built. This is accomplished primarily 
through classwork, but the JouRNAL or Datry 
ScIENCE, with its wide range of topics, is a 
valuable aid. When a student has difficulty 
understanding an article, a conference with 
one of his professors will usually clear up 
the problem. The student who it willing to 
make this extra effort is the individual we 
want as a Student Affiliate and the individual 
who will make a real contribution to the Dairy 
Industry in the future. 


The Michigan State University Dairy Club 

The Michigan State University Dairy Club 
has just completed its largest money-making 
project of the year. Each year, the Dairy 
Club operates a booth at the Michigan State 
Fair in which they sell dairy products. This 
vear’s booth was expertly managed by Bos 
SHELDON, a senior in Dairy Manufacturing 
and proved to be the most profitable one since 
the Dairy Club took on this project. 

This year, in ten days of operation, the 
booth sold 24,150 14-pts. of milk, 4,752 ice 
cream bars, and 1,300 lb. of Swiss, Aged, Milk 
Cheddar, and Smoked cheeses. The cheese 
was sold mostly in cheese sandwiches, which 
proved to be our most popular item. 

Club members working in the booth were 
paid $1.50 per hour; 862 hours were spent 
by the members in selling the dairy products. 

Part of the success of the booth is due to 
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its excellent location within the Agriculture 
Building, in the center of the fairgrounds. 

This year, the club sponsored an educa- 
tional booth in conjunction with the Michigan 
branch of the American Dairy Association. 
A 3-min. continuous slide show with commen- 
tary was given, explaining the functions of 
the ADA and some of the activities of the 
dairy student studying at Michigan State 
University. 

The Dairy Club prepared a booth for the 
Annual Activities Carnival which was held 
on October 5. The objective of this carnival 
was to show new freshmen the functions and 
events held by all the organizations on cam- 
pus. Also, many new members are usually 
added to the club’s membership by this project. 

The annual Bean Feed was also held in 
early October. This is an informal supper 
sponsored by the Dairy Club and is free to 
undergraduates, graduate students, and the 
faculty. The purpose is so that everyone in 
the Dairy department, students and faculty 
members, can get better acquainted with one 
another. 

The club members were very happy to learn 
that our club president, Lew Meyer, had been 
selected as the first president of the new 
student branch of the A.D.S.A. We all know 
from our own club’s experience that he will 
do an excellent job as president of the student 
branch. 


Letter to the Secretary 
September 17, 1960 


Your letter of the 12th was really enjoyed. 
It is gratifying to know that another retiree 
has let himself in for more than the time of 
such a person, at the particular stage of life, 
can easily master. I do not sympathize with 
you, but I do understand. 

Oldsters here do play bridge until evening 
and we are regularly engaged with them in 
that. We have finally mastered some of the 
local adaptations of the masters’ rules and 
do not offend our partner as often as at first. 

They drew me into the Kentucky Historical 
Society and the schedule is that I will be 
President next year. The last legislature and 
the present Governor are more interested 
and liberal with funds and we are busy and 
will be for another year putting into effect 
the approved new and expanded old functions. 
For example, one of the new functions is 
micro-filming the records of the 120 counties 
from their organization, some before 1800, 
and storing them. That was assigned to us 
rather than the State Records and Archive 
Commission. The Society is located in the 
Old State Capitol building and now oceupies 
the entire space. 
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Fortunately, we did not have to entertain 
Donna, although we had considerable ‘rain 
during the period. With the downfall of 
apples which you had, I expect that you may 
get into the cider or apple-jack outlets. 

I am glad to know that the meeting in Utah 
was a suecess and if it is at all possible I 
shall make it to Madison next June. 

An effort is being made to set up an ISU 
Alumni group in this state. The leaders who 
have needed some prodding have arranged 
a meeting for October 2nd and we hope that 
it may be successful. 

Cordially yours, 

W. A. WENTWORTH 

203 West Campbell Street 
Frankfort, Kentucky 


Cottage Cheese Institute Incorporates 


The newly incorporated American Cottage 
Cheese Institute held its first meeting of mem- 
bers and directors at Ithaca, New York, on 
September 22. The following program was 
planned : 

1. Development of minimum quality speci- 

fication and suitable standards of identity 
for Cottage Cheese. 


tw 


Standardization and classification of Cot- 

tage Cheese styles. 

3. Introduction of short courses for Cottage 
Cheese manufacturers and makers. 

4, Consultation service made up of regional 
experts to assist the solving of local Cot- 
tage Cheese problems. 

5. Maintenance of a statistical’ and infor- 

mation bureau. 


Nine directors were elected to serve one to 
three terms on the Board of the Institute. 





Neil Angevine assumes presidency of newly in- 
corporated American Cottage Cheese Institute. 


NEIL ANGEVINE, Laboratory Division, Meyer- 
Blanke Co., St. Louis, Mo., president and 
chairman of the board; Henry Leper, Prod- 
ucts Research Specialist, General Laboratory, 





in 
in 


Vv 
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Make Culture 


Dairymen’s League Cooperative, Syracuse, 
N. Y., first vice-president and vice-chairman 
of the board; JosEPH BILTEKOFF, president of 
the Bison Cheese Co., Buffalo, N. Y., second 
vice-president; and D. K. Banpuer, Ithaca, 
N. Y., secretary-treasurer. 

Other directors include: Ertk LUNDSTEDT, 
Director of New Products Research, H. P. 
Hood and Sons, Boston, Mass.; Sou ZAUSNER, 
President, Meyer-Zausner Co., New Holland, 
?a.; WALTER HILDEBRANDT, President, Frank- 
lin County Cheese Corp., Enosburg Falls, Vt.; 
GreorGE Martin, President, Dutch Hollow 
Foods, Honeoye Falls, N. Y., and JosEePH 
CactopPo, Vice-President, Grandview Dairies, 
Brooklyn. 

FRANK KosikowskI, Professor of Dairy In- 
dustry at Cornell University, was appointed 
Advisor to the Institute. 

The Institute will announce shortly its 
plans to hold a Cottage Cheese clinie and 
general membership meeting in October, 1961. 
Membership application forms for the cur- 
rent year are available from D. K. Banpirr, 
Secretary-Treasurer, American Cottage Cheese 
Institute, Inc., P. O. Box 393, Ithaea, N. Y. 


Dairyland Food Laboratories 
Appoints Schwarberg 


R. L. ScHwarBerG has been appointed re- 
search chemist of Dairyland Food Labora- 
tories, Ine., Waukesha, Wisconsin. Schwar- 
berg received his degree in Dairy Technology 
at the University of Illinois, and will be 
working on projects under the direction of 
JOHN NELSON, director of research. 


Training Courses Offered by Taft Sanitary 
Engineering Center 

Training in Microbiological and Chemical 
Examination of Milk and Dairy Produets will 
be offered January 30—February 3 by the 
Robert A Taft Sanitary Engineering Center, 
Cincinnati, Ohio, to persons in positions of 
responsibility in state, municipal, and other 
laboratories engaged in analysis and exami- 
nation of miik and dairy products. 

The course covers research developments 
in food sanitation, sampling procedures, epi- 
demiological investigation of food poisoning 
outbreaks and laboratory testing for food 
poisoning organisms, bacteriological tests for 
evaluating sanitary quality of foods and ex- 
amining equipment and utensils, standards 
for sanitary quality of foods, chemical and 
physical tests for sanitation control, food 
sanitation topics such as poultry products, 
meat, precooked frozen foods, and time-tem- 
perature relationships in preventing growth 
of microorganisms. 











Work for You 


FLAV-O-LAC 


FLAKES 





By using the Dairy Laboratories system of 
‘“*‘Numbered Blends” you’re insured complete suc- 
cess in every batch. Highest quality fresh culture 
every week keeps aroma, body and flavor uniform 
in all fermented milk products. 


Write for details in the Culture Booklet. 
THE DAIRY LABORATORIES 
Philadelphia 3, Pennsylvania 
Branches: 

New York + 

[ ASSOCIATES < Washington, D.C, 
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1OSAN is a patented germicidal 
cleaner that kills streptococcus, pseu- 
domonas, E. Coli, staphylococcus and 
other organisms that cause and spread 
Mastitis. Its ‘‘Tamed-Iodine” killing 
ower has been substantiated b 
[oboratory tests that meet hospi‘ta 
standards. Iosan provides safe, low 
cost Pow cee when wi udders 
and dipping teats. 

“Tatties” on milkstone. Iosan quickly 
cleans and sanitizes bulk tanks and 
other equipment. It ‘‘tattles” on hard- 
to-remove or overlooked accumula- 
tions of milkstone with a tell-tale 
yellowish-brown stain that is easy to 
remove. Reduces bacteria counts to 
consistent lows, leaves equipment 
sparkling clean. 

Two-in-one product. Iosan saves time 
and labor by replacing two or more 
single-action products. Also reduces 
hot water bills because it is used in 
tap or lukewarm water. For a free 
demonstration contact your regular 
supplier or Lazarus Laboratories Inc., 
Div. West Chemical Products Inc., 
42-16 West St., Long Island City 1, N. Y. 
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WILBUR 


chocolate 


has been putting 
the final touch 

of good taste 

to quality products 
since 1884 


WILBUR 
CHOCOLATE CO. 


Lititz, Pennsylvania 
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The container bearing the Marschall 
stamp is your assurance of dairy 
supplies of the highest quality. 
Specify Marschall Rennet Extract @ 
Rennet Paste and Powder ® Cheese 
Color ® Annatto Food 
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Cheese Coagulator 
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DAIRY LABORATORY, INC. 
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information 
Training 
Program, Robert A. Taft Sanitary Engineer- 
ing Center, 4676 Columbia Parkway, Cincin- 


Applications or requests for 
should be addressed to the Chief, 


nati 26, Ohio, or to a PHS Regional Office 


Director. 


COMPLETED THESES 

Ph.D. Theses : 

DonaLp R. DowpeEN—Normal intake variation 
and inhibition of appetite in the bovine 
by certain intermediate metabolites. Uni- 
versity of Kentucky. 

V. L. EsterGreeEN—Effects of adrenalectomy 
in the calf and some investigations of 
adrenal steroids in bovine blood. Univer- 
sity of Illinois. 


M.S. Theses: 

Harotp W. Cuitpress—A study of factors 
affecting conception rate of dairy cattle. 
University of Kentucky. 

Ouiver W. Deaton—Genetic and _ environ- 
mental effects on production trends in a 
dairy herd over a thirty-year period. Uni- 
versity of Kentucky. 

L. L. Ew1nc—A simplified technique for main- 
taining isolated rabbit testes by perfusion. 
University of Illinois. 

DonaLp W. HemMan—An evaluation of Ken- 
tucky Artificial Breeding Association Hol- 
stein sires. University of Kentucky. 

ALBERT W. Mo.iuer—A study of the effect of 
eight Holstein sires on the reproductive 
performance of their daughters. Rutgers 
University. 

Pau, F. Ranpet—Genetie and environmental 
factors affecting roughage consumption and 
efficiency of roughage utilization by Hol- 
stein cattle. Rutgers University. 

Bitty T. Ripgway—Factors affecting the num- 
ber of cows bred artificially. University of 
Kentucky. 

W. R. SumMMERHILL, Jr.—Levels of deoxy- 
ribonucleic acid in bovine spermatozoa and 
their relationship to fertility. University 
of Kentucky. 

F. A. Vertey—Effects of crossbreeding on 
reproductive performance of dairy cattle. 
University of Illinois. 


Dairy Technology Societies 


Atlanta—Guest speaker at the October 10 
meeting was Ernest Rogers, Atlanta Journal. 
Officers for 1960-61 are: STEPHEN SPECK, 
president; M. R. Vo.LKers, vice-president; 
Harvey HaGan, treasurer; and JoHN J. 
SCHEURING, secretary; PAut Hopprr, record- 
ing secretary, and Tom Howe.t, sergeant-at- 
arms. 
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Kimble Dairy Test Ware is made to make 
the most rigid tests of the industry. 


t's Kimbie Dairy Test Ware 


...the standard for long, dependable service 


QOurtsranpinc accuracy and quality have 
established Kimble Dairy Test Ware as a 
recognized standard of the dairy industry. 
Careful tempering to equalize strains cre- 
ates glassware of maximum strength and 
longest life expectancy. 


Kimble Dairy Test Ware meets all federal 
and state requirements, passes the most rigid 
tests for accuracy and serviceability. 

Kimble Dairy Test Ware is distributed by 
leading dairy supply houses throughout the 
United States and Canada. 


Kimble Glass Company, Subsidiary of Owens-Illinois, Toledo 1, Ohio 














FREE! Send new 5th Edition of “A Manual for Dairy Testing.” 
New Sth Edition 
of ‘‘A Manual for Name 
Dairy Testing.’’ 
Send in the cou- Company 
pon for your onpy Address 
now! 

City Zone State 


KIMBLE DAIRY TEST WARE Owens-ILLIno!Is 


AN @ PRODUCT GENERAL OFFICES + TOLEDO 1, OHIO 












“Where | 
Safety 


must be 
first... 


APPROVED B-B-L MEDIA 
FOR THE 
SANITARY BACTERIOLOGIST 


“standard plate count” medium... B-B-L 01-298—MILK PROTEIN HYDROLYSATE AGAR (M-P H MEDIUM) 


- Officially replaces media used prior to 1953 for the examination of milk and dairy products. - Officially adopted in 
1953 for the examination of eggs and egg products.? - Standard plating medium for the examination of water since 1955.4 





recommended media for detection and enumeration of coliforms in milk, dairy products and water...’ 


B-B-L 01-298 -- —— AGAR B-B-L 01-122 —LACTOSE BROTH 

B-B-L 01-114 —DESOXYCHOLATE LACTOSE AGAR ee 

B-B-L 01-186 —BRILLIANT GREEN BILE BROTH 2% B-B-L 01-180—EOSIN METHYLENE BLUE AGAR (LEVINE) 
B-B-L 01-269—LAURYL SULFATE BROTH 


B-B-L 01-274— FORMATE RICINOLEATE BROTH 
B-B-L 01-286 —VIOLET RED BILE AGAR B-B-L 61-183 TRYPTICASE GLUCOSE EXTRACT AGAR 


(1) Standard Methods for the Examination of Dairy Products, ed. 10, New York, American Public Health Associaticn, 1953. (2) Committee Report, 
Am. J. Pub. Health 42:1131 (Sept.) 1952. (3) Microbiological Methods, report at 66th Ann. Meet. Assn. Official Agricultural Chemists, Sept. 29, 1952: 
J. Assn. Official Agr. Chem. 36:91 (Feb.) 1953. (4) Standard Methods for Examination of Water, Sewage and Industrial Wastes, ed. 10, New York, 


American Public Health Association, 1955. 


Literature on B-B-L’s complete line of culture media and apparatus for the microbiological laboratory sent on request. (13) 
G B-BL BALTIMORE BIOLOGICAL LABORATORY, INC - BALTIMORE 18, MARYLAND 
Z A Division of Becton, Dickinson and Company 


PHOTO COURTESY OF AMERICAN OPTICAL COMPANY, INSTRUMENT DIVISION. 


8-B-L and Desoxycholate Agar are trademarks. 
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Central Illinois—The October 12th meeting 
featured as speaker Z. JOHN ORDAL, professor 
of Food Microbiclogy, Department of Food 
Technology, University of Illinois, talking on 
Bacterial Spores: Their Nature and Proper- 
ties. Meeting was held at the Corral Smorgas- 
bord in Peoria. New members welcomed were: 
Hans PuiscuKe, University of Illinois Cream- 
ery, and A. J. SpRECKELMEYER, Kentland 
Dairy. The November 9 meeting will be held 
in Decatur. Joe Tosras will diseuss the fed- 
eral standards for ice cream. 

Central Michigan—The October 11th meet- 
ing was held jointly with the Michigan Dairy 
Products Association, with FraNK KOVAL, sec- 
retary of the organization, leading the discus- 
sion on the following topics: New federal 
ice cream standards; questions and answers 
on the new Michigan federal order; current 
legislative matters; pesticides and antibiotics. 

Detroit—Speaker at the October 10th meet- 
ing was Lee Miius, General Information Man- 
ager of the Michigan Bell Telephone Com- 
pany. Title of his talk was Barriers to 
Communications. 

Kansas City—October 22nd featured the 
group’s greatest social event of the year— 
their annual dinner dance, at the World War 
II Memorial Building. 

Metropolitan—Officers for the year are J. F. 
GRATTAN, president; S. A. Lear, vice-presi- 
dent; A. H. AHRENS, secretary-treasurer; and 
Metvin Hutsesus, sergeant-at-arms. FRANK 
MartTINn, treasurer of the Martin-Century 
Farms Milk Company, Lansdale, Pennsylvania, 
and Martin’s Witchwood Ice Cream Company, 
Springhouse, Pennsylvania, discussed Food 
Research Projects in Asiatic Countries at the 
October 11th meeting. New Members: H. V. 
Harriman, Frank G. Shattuck Company, W. J. 
Manck, Creamery Package Manufacturing 
Company; and C. W. Kucen, The Diversey 
Corporation. 

North Carolina—Topic of the month was 
Ways in Which Management Can Reduce Costs, 
with R. J. SHarKey, Manager, Pure-Pak Sales 
Engineering Dept., Ex-Cell-O Corporation fea- 
tured. The meeting was held October 12 at 
Holiday Inn, Durham. November 9th meeting 
will have as speaker F. M. Gray, Sealtest 
Foods, talking on Practical Knowledge Ob- 
tained Concerning Weight and Measure Prob- 
lems in the Milk and Ice Cream Industry. 

Philadelphia—The October 6th meeting was 
held at the Drexel Institute of Technology 
with D. A. SEIBERLING, manager, Automation 
Department, Klenzade Products, Inc., speaker. 
His subject was Process-CIP Automation— 
Now and In the Future. 

Tri-Cities—The October 11th meeting was 
to feature a Big Surprise—full of interest and 


excitement. Also to be included was the ap- 
pointment of the nominating committee for 
the new officers for the coming year. 

Tri-State—Churchill Valley Country Club 
was the locale of the October 26th meeting, 
at which C. J. MiLrorn, executive director, 
Greater Pittsburgh Dairy Industry Associa- 
tion, spoke. His subject was The “Man” in 
Managers. It was announced that the No- 
vember and December (Christmas Party) 
meetings would be held at the Mona Lisa 
Lounge. 

Western Michigan—The meeting of Oc- 
tober 17 was at Finger’s Cafe, Grand Rapids, 
with Paut Porrer of Paul Potter and Asso- 
ciates, Chicago, featured as speaker. His 
topic: Latest Trends in Labor Management. 





Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—Insecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


PO. Box 2217-X, Madison 1, Wisconsin 

















Accurate profit-control is the job of Mojonnier Milk 
Testers for standardizing butterfat and total solids 
content. « Mojonnier Testers have been a must for 
profitable dairy operation over 45 years. « Fat Deter- 
mination accurate to .03 of 1%. Total Solids Tests 
accurate to 1/10th of 1%. 


Write for full details today 


MOJONNIER BROS. CO. 
4601 W. OHIO ST.,-CHICAGO 44, ILLINOIS 


4 7 MILK 
~ 77 QUALITY ENGINEERED FOR ECONOMY «TE s TE. RS 


STANDARD THROUGHOUT THE WORLD 
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Lactose gives fluid milk products the flavor and appearance that makes them stand 
out sharply with the consumer. Here’s what pure milk sugar will do for you: 


BUTTERMILK Lactose returns the “old fashioned” goodness, tangy aroma and mel- 
low smoothness to buttermilk. It tones down acid sharpness without affecting natural 
body development. 

SKIM MILKS Lactose builds an exciting new taste identity. It improves the body, 


adds a slight sweetness that has proved highly desirable to consumers. Chalkiness, 
staleness, and uninteresting flavors are eliminated. 


CHOCOLATE DRINK Produce a smoother, richer tasting chocolate drink with Lactose. 
Tests conducted by local dairies prove that low calorie chocolate drinks with a 1% fat 
base and 1% Lactose are equal in richness to a 2% fat base. Take a good look at 
Lactose! Send for complete information today: Technical Service, Department 57F. 
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WESTERN 
CONDENSING 
COMPANY 


Appleton, Wisconsin 


World's Largest Producer 
of Lactose — Pure Milk Sugar 
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Back of Beacon 
Dairy Feeds... 


® Qualified Research Personnel 


® Research and Demonstration Herd 
(45 cows—15,634 M, 3.6%, 
568 F, H.I.R.) 


@ Special Research Herd of 12 sets of 
identical twin females 


@ 40 Years Experience in Practical Dairy 
Feed Formulation 


BEACON FEEDS 


THE BEACON MILLING COMPANY 


A division of Spencer Kellogg and Sons, Inc. 
CAYUGA, N. Y. 











WORLD’ $ BEST ICE CREAM 


You must use the finest dairy ingredients, the 
| finest flavors, the finest mix processing and 
| freezing equipment, the finest packaging—And 

The Finest Stabilizer—KELCO STABILIZER. 


| Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 


75 Terminal Ave., Clark, N. J. 

20 N. Wacker Drive, Chicago 6, Ill. 

530 W. Sixth St., Los Angeles 14, Calif. 
Cable Address: KELCOALGIN—CLARKNEWJERSEY 




















DAIRY INDUSTRY PLANT TRAINING MANUAL 


Prepared by 


A Committee of the American Dairy Science Association 


Nothing Overlooked in the Plant Training Manual 


Users like completeness and flexibility of program: 


“I feel that The Dairy Plant Training Manual 
will assist me personally by pointing out important 
items I am likely to overlook in placing a new 
employee on the job. It is difficult, at best, to start 
a new man on a job, and a good guide such as this 
will be of great value.” 
—MARVIN GOODE 
The Borden Company 
Abilene, Texas 


“One of the strong features of the Manual is its 
flexibility to meet the needs in any plant as well 
as the needs of an individual trainee. Another 
strong feature is that it is so set up as to meet 
emergency situations. If the trainee has to be 
pulled away from sales when he has mastered only 
half that portion of the program, and in the in- 
terest of the company must be transferred to the 
pasteurizing room to meet an emergency need, 
he can go back to sales when the emergency is 
over and pick up where he left off. This is a 
feature of the manual that is appealing to any 
management that has the responsibility to get the 
product out at any cost.” 
—DR. A. C. FAY, Past President 
American Dairy Science Association 
Formerly—H. P. Hood & Sons 


Boston, Mass. 


Postpaid Prices: 


CONTENTS 


Section I states the objectives and require- 
ments of the program. 


Section I] contains training schedules for all 
phases of plant operation for all plants. Many 
questions are posed for the trainee before 
passing from one phase of training to the 
next. Progress reports and rating forms are 
provided. 


Section III covers management development. 
Many study projects are outlined which are 
not only essential to management develop- 
ment but may result in savings to the plant 
that will more than pay the cost of training. 


The Appendix contains a list of professional 
and trade organizations and reference read- 
ing publications. 


Copies will be needed by Plant Managers, 
Supervisors, Trainees, and Teachers for a 
reference text. 


$4.00 per single copy; $4.00, less 10% for 5 to 9 copies, one order; $4.00, less 15% for ten or 


more copies, one order. 


Payment to be sent with order. 


ORDER FORM 

American Dairy Science Association 
32 Ridgeway Circle 

White Plains, N. Y. 


ace yee 


Please find enclosed $___- a 
copies of the Dairy Industry Plant Training Manual. 


Date 
Deliver to: 
Name 
ee ee er “ 


Address : regency a 





STUDIES ON THE REMOVAL OF STAPHYLOCOCCUS AUREUS FROM 
MILK-CONTACT SURFACES BY ULTRASONIC CLEANING METHODS 


E. B. MASUROVSKY'* anp W. K. JORDAN 


Department of Dairy Industry, Cornell University, Ithaca, New York 


SUMMARY 


These studies are concerned with the removal of Phosphorus”-labeled Staphylococcus 
aureus from milk-contact surfaces by ultrasonic cleaning procedures, and the growth 
of the residual organisms on these surfaces. The test organism was incorporated into 
the soil menstrua (a modified Ringer Solution and homogenized, pasteurized whole 
milk), dried down with the soils upon various milk-contact surfaces under highly 
reproducible conditions, removed by ultrasonic irradiation treatments, and assayed by 
submersion in Staphylococcus (Agar) Medium No. 110, Bacto-Strip contact, plastic 
replica-embedding and staining, Geiger counting, and autoradiographic techniques. 

The results indicate that, as in other cleaned-in-place (CIP) procedures, soil build-up 
can be a problem in ultrasonic cleaning if the initial soil deposits are not thoroughly 
removed. The rough surfaces show greater capacity for soil build-up. Type of surface 
roughness influences not only the degree of bacterial retention but also the pattern of 
subsequent growth of the residual organisms. The type of cleaning solution and time 
of ultrasonic irradiation of the cleaning bath exerted a definite influence on cleaning 
efficiency; however, specimen configuration in the cleaning bath and type of bacterial 
soil menstruum were of over-riding importance in the results achieved. 

Under the conditions of testing utilized in these experiments, the radiological 
assaying procedures and the plastic replica-embedding and staining technique proved 
more accurate in determining bacterial residues on ultrasonically cleaned surfaces than 
macro-colony agar submersion counts and Bacto-Strip determinations. 


Ultrasonic energy—energy emanating from mechanical vibrations of over 





about 16,000 cycles per second—has been utilized experimentally for nearly 
half a century. However, its use in manufacturing processes on a significant 
scale has come about only in recent years. 

In the dairy industry, applications have been largely experimental or pilot 
plant in nature, and have been concerned primarily with homogenization and 
pasteurization of milk and milk products (1, 2, 4, 5, 7, 9, 15). Efforts at 
pasteurization have been based upon the effects of ultrasonic vibrations on 
bacteria, which were noted as early as 1927 to 1932 (6, 8, 18). However, it is 
only within the last several years that, through wartime research, sonic energy 
systems have been developed to the point of commercial practicability for 
cleaning applications in the dairy and other industries (14,17). 

Cavitation is considered the primary physical ageney responsible for the 
removal of soil from objects immersed in an ultrasonic cleaning bath. Gas 
bubbles or voids are formed and implode (or collapse) in the cleaning bath at 
a rate determined by the frequency of the ultrasonic vibrations set up in the 
bath, and the physiochemical characteristics of the bath. These implosions 
blast or chip away at the soil particles on the surfaces being cleaned, thereby 
helping to dislodge the soil. Other effects, such as covibration of the specimens, 


Received for publication June 9, 1960. 
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help to shake the soil loose, and acceleration of the physiochemical effects of 
the cleaning compounds used in the bath likewise contribute to the final cleaning 
result achieved. The many factors which determine how effectively these 
agencies can perform under given conditions are discussed by Mattiat and 
Zapponi (13), Branson (3), and Platzman (16). 

In light of the dearth of information on the application of ultrasonic 
cleaning in the dairy industry, and the potentialities which this system offers 
for automated cleaning procedures, it was felt that exploratory studies of this 
cleaning process, from the dairy sanitation standpoint, should be initiated. The 
studies herein reported on were based on the activities of Staphylococcus aureus 
on the ultrasonically treated milk-contact surfaces; the removal, and growth 
of residual organisms, serving as the indices of sanitation. 


EXPERIMENTAL PROCEDURE 


Materials studied and preparation of materials for testing. Stainless steel, 
aluminum, Pyrex glass, polyethylene (high density), and Teflon constituted 
the materials evaluated for cleanability in this series of experiments. Nine 
commercial sheet finishes, four commercial pipe and pipe-fitting finishes, and 
one laboratory pipe and pipe-fitting finish of stainless steel were studied. Two 
finishes of Pyrex glass, optically polished and the standard fused finish char- 
acteristic of Double Tough pipe, were tested, as well as the region where stand- 
ard pipes are fused or welded together. One commercial finish of an aluminum 
sheet alloy (6353-T6), a molded polyethylene sheet, and a molded Teflon sheet 
were evaluated. A description of the type and surface finishes of these mate- 
rials is presented in the tables of experimental results. 

Flat, l-in. diameter discs, 114-in. sanitary stainless steel and Pyrex pipe, 
and 114-in. 90° sweep elbows were lightly scribed with a metal stylus to form 
a cirele of 1l-em.* area, the region within which the bacterial soil suspensions 
were deposited and assayed for by the several techniques utilized in these 
experiments. 

Prior to testing, the specimens were thoroughly cleaned by the procedures 
described previously by the authors (11), except in the case of stainless steel, 
where solvent degreasing and reverse electro-cleaning were carried out in an 
ultrasonic bath (40,000 cycles per second) and, prior to cold hydrofluoric acid 
treatment, the specimens were cleaned in a 5% v/v H3PO4 (80% orthophos- 
phorie acid) bath containing 0.025% <Activol’ for 3 min. at 120° F. 

Aluminum was initially emulsion degreased in Techclene.* Glass was cleaned 
with 5% w/v De Lite* solution for 3 min. at 100° F. prior to scrubbing with 
a caleium carbonate slurry and acid treatment. Plastics were cleaned, as 
previously described (11), using a 5% w/v Kloro Kol’ solution for 3 min. at 
100° F. as one of the detergent treatments. 


*A product of Haas Miller and Company. 


*A product of Tect Ine. 


*° Products of the Dubois Chemical Company. 
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Cultivation of S. aureus ATCC6538; FDA209 and preparation of bacterial 
soling menstrua. The procedure followed in cultivating and Phosphorus*- 
labeling of this organism was essentially the same as that previously described 
by the authors (11); however, the suspension and washing of the cells were 
carried out in a sterile Ringer Solution® mixture, and the bacterial pellets 
formed by centrifugation were broken up and resuspended in this menstruum 
by a brief ultrasonic treatment. Washing was continued until the activity of 
the filtered supernatant was reduced to background Geiger-counting levels. 

The Phosphorus**-labeled bacteria were suspended in two kinds of soils: 
pasteurized homogenized whole milk and sterile Ringer Solution mixture. The 
organisms were incorporated into the soils in the same manner as a previous 
study (11), except the initial breaking up of S. aureus clumps and their sus- 
pensions were carried out by a brief ultrasonic treatment. Concentrations of 
about 2 X 10° cells per milliliter of soil (by Petroff-Hausser chamber counts) 
were used in the experiments 





Fig. 1. Ultrasonic cleaniug system. 


Methods and apparatus used .a soiling and clecving the ‘est specimens. 
Five-hundredths of a milliliter of well-mixed bacterial soil menstruum were 
transferred by a sterile, silicone-treated Kimbel 1-ml. serological pipette to the 
1-em.* soil zone of the test specimens, and deposited and evenly distributed there. 

The soiled specimens were dried in a dust-free plastic enclosure under a 
Pyrex EC Industrial Radiant Heater at 115° F. for 20 min. Following drying, 
the specimens were aged for 16 hr. at 25° C. prior to cleaning. 

The soiled, dried, and aged specimens were cleaned in the ultrasonic clean- 


‘Ringer Solution mixture (sterilized by a Seitz-Millipore HA filter procedure) : 


NaCl 0.9 g. 
KCl 0.042 g. 
CaClz 0.048 g. 
NaHCO; 0.02 g. 


Glass distilled water 100.00 ml. 
Plus 1.0 ml. acid casein hydrolyzate. 


2 


Menstruum adjusted to pH 7.3. 
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ing bath shown in Figure 1. This is a stainless steel cleaning solution tank 
(Narda Model T-102) equipped with a barium titanate transducer which is 
energized by a Narda Model 600 ultrasonic generator. It has an output fre- 
quency of 40,000 cycles per second, and a power rating of 60 r-f acoustic watts. 

The test specimens (either 1-in. diameter dises or pipe sections) were hung, 
and completely submerged, in the cleaning solution at a distance of 5 in. from 
the transducer assembly, by means of a metal rod held in place by stainless 
steel wire grids at both ends of the tank. This arrangement provided for a 
minimum of attenuation by the samples of the ultrasonic waves propagated in 
the cleaning bath during an experimental run, and maintained good position- 
reproducibility between runs. The 1-in. dises were hung from the rod at 1-in. 
intervals. Three dises or one pipe section were cleaned at a time. The experi- 
mental variables were: (a) time of cleaning (2 and 5 min.), (b) number of 
soil applications on the l-cm.* test zone, (¢) type of soil menstruum, and (d) 
cleaning solution employed. Good standing wave patterns, proper pitch sound, 
and maximum generator settings characterized all the experimental runs per- 
formed with this production-line model ultrasonic system. 

Two and one-quarter liters of alkaline cleaning solution® (0.03% active 
alkalinity) or acid cleaning solution’ (0.5% acidity caleulated as lactic acid) 
maintained at 120° F. were used. Following cleaning, the specimens were rinsed 
thoroughly with sterile distilled water prior to assaying by bacteriological or 
radiological means. 

Bacteriological methods for determining Staphylococcus aureus popula- 
tions on specimen surfaces. Three methods were utilized for the observation 
and enumeration of the test organisms on both the macro- and micro-colony 
levels. They were: (a) direct submersion of the 1-in.-diameter test dises in 
Staphylococcus (Agar) Medium No. 110 with four-day incubation at 37° C., 
(b) Baeto-Strip* contact of the 1-em.* soil region, and (¢) plastic replica—em- 
bedding and staining of organisms either before or after growth in Staphylococ- 
eus (Agar) Medium No. 110. The Bacto-Strip contact method was employed 


Cleaner compositions: 


® Alkaline cleaners 


Formulation A (Fe) 
Soda ash 55 
Sodium metasilicate 35 
Sedium tripolyphosphate 8 
Sodium alkyl ary! sulfonate 2 
Formulation B 
Sodium bicarbonate 30 
Sodium metasilicate 60 
s 


Sodium tripolyphosphate 
Sodium alkyl aryl sulfonate 2 
Aci 


cleaner 


25¢ 


@ v/v 80% Orthophosphorie acid 


9% v/v Glacial aecetie acid 
5% w/v Alkyl aryl sulfonate 
45% Distilled H.O 
*A product of Bacto-Strip Ltd., Zollikon-Zurich, Switzerland. 
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on both the test pipe sections and 1-in.-diameter dises. The plastic replica—em- 
bedding and Gram-staining procedure was used on 1-in. dises and pipe sections 
alike, according to the procedure described in a previous report (12). 

Radiological methods for determining the relative concentration and dis- 
tribution of Phosphorus**-labeled Staphylococcus aureus on test specimens. The 
concentration and distribution of the labeled bacterial cells were determined 
by Geiger-counting and autoradiographic procedures. Geiger counting was 
carried out at a constant geometry for various periods of time, depending upon 
the activity level (counting error + 3% X; p=0.10). Macro-autoradiograms 
of bacteria on the test surfaces were made with Ansco Super Ray B X-ray film 
(Emulsion No. 26C273-8-273), and micro-autoradiograms were obtained with 
Kodak Ltd. Autoradiographic Stripping Plate AR.10. A detailed deseription 
of the equipment and techniques employed may be found in a recent work of 
the senior author (10). 


EXPERIMENTAL SCHEDULE AND RESULTS 


Experiment I-A: Alkaline Cleaner A; multiple soiling; 2-min. ultrasonic 
treatment. The results presented in Table 1 show a decided difference in clean- 
ability between finishes of stainless steel, and between stainless steel, aluminum, 
plastic, and glass. Generally, the rougher finishes of stainless steel (Vapor 
Blasted, 2D, and 2B) retained more bacteria than the smoother surface finishes. 
However, the really large differences are to be noted between the materials 
studied. The above relationships were nearly constant over the full range of 


TABLE 1 
Residual bacterial population on surfaces after multiple soiling with Ringer solution soil 
suspensions and ultrasonic cleaning in Alkaline Cleaner A at 120° F. for 2 min. 
Total average residual bacterial population 
(Equivalent)* < 10“ 


Type of material Number of soiling and cleaning treatments 
and surface finish 1 2 3 4 5 


Stainless steel 


No. 8 finish 78 191 303 359 386 

No. 7 finish 76 193 305 362 388 

Eleetro-polished 67 197 312 368 393 

No. 6 finish 68 208 317 372 406 

No. 4 finish 83 215 324 383 412 

2B SY 224 338 403 429 

2D 90 227 340 406 432 

Vapor-blasted 93 236 351 418 444 
Aluminum 

Type 6353-T6 molded 65 128 193 239 272 
Pyrex glass 

Optically polished 30 121 224 302 332 
Polyethylene 

H.D.F.-molded 59 178 278 331 356 
Tefion 

F-1-molded 19 70 91 99 109 


“Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backseatter, coincidence, and decay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms 
based upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 

Over-all Geiger-counting error + 3% (X); p=0.1. 

Average deviation from the mean replicate value + 5%. 
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five soiling and ultrasonic treatments. In the case of the surface finishes of 
stainless steel, however, a proportionately greater increase in soil retention by 
the rougher than by the smoother finishes was evident. The Vapor-blasted 
surface shows the greatest soil build-up capacity, followed closely by the 2D 
and 2B finishes. The No. 4, No. 6, No. 7, Electro-Polished, and No. 8 surface 
finishes fall in about the same group, and the aluminum (6353-T6), polyethy- 
lene, and Pyrex glass group are the next lowest in soil build-up. Teflon stands 
alone as the most readily cleanable of all the materials studied. 

Figure 2-(A, B, C, D, and E) are photomicrographs of Gram-stained plastic 
replicas of some of these surfaces which show the extent and pattern of the 
bacterial growth. A great deal of growth occurs in the deep pockets of the 
Vapor-blasted surface (A), and the macro-colonies® that develop are usually 
discrete and separate from neighboring colonies. The 2B finish (B) is charac- 
terized by extensive growth in the intererystalline grain boundaries, with a 
spilling over on to the plateaus formed by one face of the metal crystal surface 
structures. Again, relatively discrete macro-colonies develop on this surface, 
but some spreading does occur along the grain boundaries. 

The No. 4 finish (C) is distinguished by a pattern of bacterial growth which 
follows the lay of the grinding marks on the surface. Quite an extensive runner- 
type of macro-colony formation is present which springs up from a broad base 
of spreading micro-level specimen surface growth. Stainless steel finish No. 8 
(D) miecro-colony’® growth is characterized by a thin surface layer, starting 
at highly localized zones, which spreads out readily over the smooth surface. 

Teflon (E) micro-colony growth is more or less constrained from spreading 
along the Teflon surface itself, perhaps by the same surface forces which dis- 
courage wetting or spreading of aqueous solutions on this surface and, thus, 
growth tends to be upward from the surface through the overlaying agar. 
Relatively constricted micro-level surface growth occurs rather than the freely 
spreading thin surface layer growth of other smooth surfaces. 

Experiment I-B: Alkaline Cleaner B; multiple soiling; 2-min. ultrasonic 
treatment. The results with this inhibited alkaline cleaner closely parallel the 
findings using Alkaline Cleaner A, but show that Cleaner B is less effective as 
an ultrasonic cleaner formulation than A (Figure 3). Ten soiling and ultra- 
sonic treatments were carried through in this experiment. The results demon- 
strate quite vividly the phenomenon of surface capacity on soil retention with 
the rougher surface finishes. Also, the saturation level’! of the smoother fin- 
ishes is brought out in this part of the series. 

Teflon reaches the saturation level after a relatively few soiling and clean- 

*Maero-colony refers to the unit of bacterial growth which attains proportions that 
render it visible to the low magnification of the dissecting microscope, or to the unaided eye. 

*” Micro-colony refers, in this study, to the unit of bacterial growth consisting of four 
or more adjacent cells which have arisen after incubation in contaet with Staphylococcus 
(Agar) Medium No. 110 at 37° C. for four days. 

" Saturation level, as used in this context, indicates the point beyond which subsequent 
soiling and cleaning treatments do not appreciably add to the total residual bacterial popu- 


lation on a specimen surface in a given experiment. 











Fig. 2. Photomicrographs (1,200 X magnification) of gram-stained plastic replicas of 
surfaces after five soilings and washings. A. Stainless steel, vapor-blasted. B. Stainless steel, 
2B finish. C. Stainless steel, No. 4 finish. D. Stainless steel, No. 8 finish. E. Teflon, molded. 
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NUMBER OF SOILING AND CLEANING TREATMENTS 


Fig. 3. Residual bacterial population on surfaces after multiple soiling and ultrasonic 
cleaning in Alkaline Cleaner B at 120° F. for 2 min. 
(A) Stainless steel, vapor-blasted. 
(B) Stainless steel, No. 4 finish. 
(C) Stainless steel, No. 8 finish. 
(D) Polyethylene, H.D.F.-molded. 
(E) Pyrex glass, optically polished. 
(F) Teflon, F-1-molded. 


ing treatments; Pyrex glass and aluminum likewise exhibit somewhat similar 
tendencies. The smoother finishes of stainless steel (No. 8, Electro-polished, 
and No. 7) show lower saturation levels than the rougher finishes. 

An interesting phenomenon observed in this experiment was a very distinct 
build-up of a dark deposit in the soil region of the specimens as the soilings 
and cleaning treatments progressed. Apparently, this deposit is a combination 
of some of the cleaner chemical constituents and the soil compounds. It can 
be removed by brushing but, by its peculiar nature, it resists the action of 
ultrasonically generated hydro-mechanical forces. This kind of phenomenon 
has been commented upon by Branson (3), and is evidently not unique to this 
investigation. 

Figure 4 (A and B) shows Staphylococcus Medium No. 110 agar submersion 
plates of vapor-blasted and No. 3 finish stainless steel. They show extensive 
bacterial retention and growth after only a single soiling and ultrasonic clean- 


ing treatment. The plates run on similar specimens following ten treatments 
showed a degree of colony formation commensurate with the radiological meas- 
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Fig. 4. Agar submersion plates of samples after a single soiling and washing. A. Stain 
less steel, vapor-blasted. B. Stainless steel, No. 3 finish. 


urements and the highly saturated growth pattern of the single treatment plates. 

Experiment II: Alkaline Cleaner A; multiple soiling; 5-min. ultrasonic 
treatment. The data in Table 2 show the beneficial effect of increasing the time 
of ultrasonic action 21%4-fold. Aside from the general reduction in bacterial 
retention after prolonged exposure to ultrasonic energy, the distribution of 
values over five soilings and treatments is very similar to those of Experiment 
I-A. Even though fewer macro-colonies developed with these specimens, the 
micro-colony growth pattern was essentially the same as on the highly saturated 
specimens of the Experiment I series. 

Tests with Cleaner B for 5 min. at 120° F. resulted in higher bacterial 
residues than those obtained with Cleaner A. This confirmed the previous ob- 
servation that Formulation B is not as effective for ultrasonic cleaning as For- 
mulation A. 

Figure 5—(A and B) shows the autoradiographic stripping film silver 
grain patterns produced by the Phosphorus* 8-particles emitted by the residual 
bacteria on No. 4 stainless steel and Teflon surfaces, respectively. It can be 
seen that these patterns, and the relative number of grains, generally agree 
with the plastic-embedded bacteria replicas and Geiger-counting rates. 

Experiment III: Acid Cleaner; single soiling; 5-min. ultrasonic treatment. 
The results presented in Table 3 clearly show that this cleaner, at 0.5% concen- 
tration caleulated as lactic acid, is excellent in an ultrasonic system for the 
removal of this particular soil. Complete removal was not accomplished, but 
the removal efficiency of this cleaner over the alkaline cleaners studied (some 
214) and the relatively low bacterial population remaining testify to its 
effectiveness. 
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TABLE 2 
Residual bacterial population on surfaces after multiple soiling with Ringer solution soil 
suspensions and ultrasonic cleaning in Alkaline Cleaner A at 120° F. for 5 min. 


Total average residual bacterial population 
(Equivalent)* x 10° 


Type of material Number of soiling and cleaning treatments 
and surface finish 1 2 3 5 
Stainless steel 
No. 8 finish 46 104 165 226 250 
No. 7 finish 45 108 169 231 257 
Electro-polished 47 116 176 235 268 
No. 6 finish 53 121 186 258 284 
No. 4 finish 58 125 195 262 296 
2B 69 142 231 292 324 
2D 71 149 238 299 336 
Vapor-blasted 74 158 252 311 351 
Aluminum 
Type 6353-T6, molded 39 97 139 157 166 
Pyrex glass 
Optically polished 24 80 126 170 197 
Polyethylene 
H.D.F.-molded 33 91 152 192 212 
Teflon 
F-1-molded 9 34 53 62 64 


“Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backscatter, coincidence, and deeay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms based 
upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 

Over-all Geiger-counting error + 3%(X); p=0.1. 

Average deviation from the mean replicate value + 5%. 


Not only were bacterial levels reduced significantly, but the acid brightened 
the stainless steel surfaces. This suggests that, as in other CIP regimes, it 
might be advisable to include an acid-cleaning step periodically, to remove any 





Fig. 5. Autoradiograms produced by £-particles emitted from residual bacteria on 
surfaces after five soilings and washings (1,200 < magnification). A. Stainless steel, No. 4 
finish. B. Teflon, molded. 
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TABLE 3 
Residual bacterial population on surfaces after single soiling with Ringer solution soil 
suspensions and cleaning with acid cleaner at 120° F. for 5 min. 


Total average residual 


Type of material bacterial population 
and surface finish (Equivalent) * 
Stainless steel, No. 8 finish 2,310 
No. 7 finish 3,060 
Eleetro-polished 3,120 
No. 6 finish 3,360 
No. 4 finish 3,520 
No. 3 finish 3,700 
2B finish 4,830 
2D finish 5,180 
Vapor-blasted 6,110 
Pyrex glass, optically polished 1,350 
Polyethylene, H.D.F.-molded 2,020 
Teflon, F-1-molded 740 


* Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backseatter, coincidence, and deeay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms based 
upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 


Over-all Geiger-counting error + 3% (X); p=0.1. 
Average deviation from the mean replicate value + 5%. 


deposits missed by the alkaline cleaners. Since ultrasonic agitation accelerates 
some of the deleterious actions of the acids on metals, more than occasional use 
of this step would not be considered advisable. 

Experiment IV: Alkaline Cleaner B; single soiling; 5-min. ultrasonic treat- 
ment. (Homogenized, pasteurized whole milk suspension.) The results in 
Table 4 show that removal of S. awreus dried down in homogenized whole milk, 
even with the relatively inefficient Cleaner B, is > 99% of the original bacterial 
soil deposited. Surface finish and type of material appear to have little influ- 
ence; the whole milk soil surrounding the organisms is easily removed by the 
ultrasonically activated cleaning bath from whatever surface it is dried down 
upon. 

The ease of removal of whole milk soils which are dried on stainless steel 
surfaces under relatively mild heating conditions is well known in other CIP 
systems. Pilot plant studies by a leading manufacturer of ultrasonic cleaning 
equipment systems generally confirm these results. However, removal of all 
types of milk films from different kinds of equipment surfaces is not complete. 
One of the most satisfactory systems worked out to date is an integrated ultra- 
sonic-jet-spray-circulation system which is designed to incorporate the best 
features of each system for removing soil from dairy equipment of certain 
configurations. 

Experiment V: Alkaline Cleaner B; 5-min. ultrasonic treatment. (Ringer 
Solution suspension ; two soilings and washings; 114-in.-diameter stainless steel 
and Pyrex glass straight pipe sections and 90° sweep elbows.) 

The data presented in Table 5 show that removal of the micro-organisms 
from pipe sections of this size and configuration in an ultrasonic unit of the 
type and capacity used is far from satisfactory. From 30 to 50% of the original 
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soil deposit remained after the first treatment, and about twice this residual 
level remained after a second soiling and cleaning. More bacteria were retained 
by the rougher white pickled and welded surfaces than the smoother 180-Grit 
and Pyrex glass surfaces, but the differences here were not very great. 
Evidently, the energy was dissipated or absorbed by the thick walls of the 


TABLE 4 


Residual bacterial population on surfaces after single soiling with homogenized whole milk 
soil suspensions and cleaning with Alkaline Cleaner B at 120° F. for 5 min. 


Total average residual 


Type of material bacterial population 
and surface finish (Equivalent )* 
Stainless steel, No. 8 finish 470 
No. 7 finish 480 
Electro-polished 500 
No. 6 finish 500 
No. 4 finish 510 
No. 3 finish 510 
2B finish 520 
2D finish 530 
Vapor-blasted 550 
Pyrex glass, optically polished 430 
Polyethylene, H.D.F.-molded 450 
Tefion, F-1-molded 390 





“Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backseatter, coincidence, and decay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms based 
upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 

Over-all Geiger-counting error + 3% (X); p=0.1. 

Average deviation from the mean replicate value + 5%. 


TABLE 5 
Residual bacterial population on surfaces of 114-in. pipes and fittings after multiple soiling 
with Ringer solution soil suspensions and cleaning with 
Alkaline Cleaner B at 120° F. for 5 min. 





Total average residual bacterial population 
i . (Equivalent)* x 10° 
Type of material, — ——— — 








shape, and finish Number of soiling and cleaning treatments 
j Paes 

Stainless steel pipe 

180-Grit finish 168 330 

Electro-polished 173 337 

120-Grit finish 182 361 

White pickled 210 426 

Weld area 226 448 
Stainless steel 90° elbows 

180-Grit finish 197 391 

White pickled 218 432 
Pyrex pipe 

Standard surface 165 327 

Weld area 169 334 
Pyrex 90° elbows 

Standard surface 183 358 





“Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backseatter, coincidence, and decay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms based 
upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 

Over-all Geiger-counting error + 3% (X); p=0.1. 

Average deviation from the mean replicate value + 5%. 
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pipe sections to a considerable extent before it could reach, and work upon, 
the svil-substrate interface region. Also, the configuration and position of 
these sections in the ultrasonic cleaning bath could have been such as to deflect 
the ultrasonic waves away from the soil region inside the pipes. 

Experiment VI: Alkaline Cleaner B; 5-min. ultrasonic treatment. (Homog- 
enized, pasteurized whole milk suspension; single soiling—114-in.-diameter 
stainless steel and Pyrex glass straight pipe sections and 90° sweep elbows.) 

The results of this experiment (Table 6) once again demonstrate the ease 


TABLE 6 

Residual bacterial population on surfaces of 114-in. pipes and fittings after single soiling with 
homogenized whole milk soil suspensions and cleaning with 

Alkaline Cleaner B at 120° F. for 5 min. 





Type of material, Total average residual bacterial population 


shape, and finish (Equivalent)* <X 107 
Stainless steel pipe 
180-Grit finish 34 
Electro-polished 35 
120-Grit finish 37 
White pickled 42 
Weld area 45 
Stainless steel 90° elbows 
180-Grit finish 38 
White pickled 44 
Pyrex pipe 
Standard surface 33 
Weld area 34 
Pyrex 90° elbows 


Standard surface 36 





“Based on the mean (X) value of three determinations, by Geiger-counting techniques, 
corrected for background, backscatter, coincidence, and decay (rounded off to units’ place), 
and converted to bacterial numbers by using X estimates of P-32-labeled test organisms based 
upon Petroff-Hausser total cell-clump counts (and pour plate viable check counts). 

Over-all Geiger-counting error + 3% (X); p=0.1. 

Average deviation from the mean replicate value + 5%. 


of removal of bacteria dried down on surfaces in an homogenized whole milk 
menstruum. Even under the conditions of doubly reduced cleaning efficiency 
(Cleaner B and pipe specimen configuration effects) > 90% of the bacterial 
soil deposited was removed. However, the amount of bacterial soil remaining 
on these pipe sections was many times that remaining on the 1-in.-diameter 
test specimens of Experiment IV. 

These results serve to illustrate the importance of specimen configuration 
in the ultrasonic field, thickness of the specimen, and other related factors 
which influence the attenuation of the energy in the region of the soil-specimen 
surface interface. Again, surface finish did not have much influence on the 
relative ease of removal of the milk film. 

The Bacto-Strip determinations which paralleled the other techniques uti- 
lized in evaluating the bacterial populations on the test specimens generally 
confirmed the results obtained with the more quantitative and reproducible 
techniques previously referred to. However, due to the relative nonselectivity 
of the medium incorporated into the strips, and the limited removal of viable 
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bacteria by the agar on the surface of the strips, this method was used for 
spot checks only. 
DISCUSSION AND CONCLUSIONS 

In this study, several factors dealing with ultrasonic cleaning were explored 
with a view to determining the contributions of each factor to the over-all 
cleaning efficiency achieved. 

The type of cleaning solution employed was shown to be very important in 
ultrasonic cleaning. The cleaner constituent must be such as to aid cavitation 
and other phenomena operating in the cleaning bath, it must not form a deposit 
in the soil region (thereby creating a type of formation which resists removal 
by ultrasonic hydro-chemical forees), and it must provide for degassing of 
the liquid to the proper point. Also, it appeared from the results obtained with 
the acid cleaner that at least occasional use of such types of cleaning agents in 
an ultrasonic cleaning regime would be desirable. 

Time exerted a definite influence in these experimental runs. All indications 
pointed to at least a 5-min. or longer exposure time to remove bacterial soil 
of the type utilized in these studies. Moderately dried whole milk soil menstruum 
showed less need of a long time of exposure for adequate removal. 

As in cleaning by other hydro-mechanical CIP procedures, soil build-up 
can be a problem in ultrasonic cleaning if the initial soil deposiis are not 
thoroughly removed. The rough surfaces show greater capacity for soil build-up. 
Type of surface roughness influences not only the degree of bacterial reten- 
tion but also the pattern of subsequent growth of the organisms. This was 
clearly demonstrated by agar submersion plates and plastic replica—embeddings 
of the organisms. 

Specimen configuration was found to be very important in the attenuation 
of the ultrasonic energy reaching the soiled regions of the specimens. A clean- 
ing bath of this type, dimensions, acoustic watt output, etc. was not found to 
be adequate for 6-in. long, 114-in.-diameter straight pipe sections and 90° 
sweep elbows. It seems likely that considerable attenuation or dissipation of 
the energy resulted with this particular experimental arrangement for pipe 
sections. Thus, it is important that one consult with the manufacturer of ultra- 
sonic cleaning systems before purchasing a unit to do a given job. 

The type of bacterial menstruum was seen to be all-important in the sub- 
sequent removal of the organisms from the surfaces upon which they were 
deposited. Homogenized whole milk appeared to be a good vehicle for the rather 
facile removal of the test organism from the specimen surfaces studied. 
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EFFECT OF CHEMICAL ADDITIVES ON THE SPREADING QUALITY 
OF BUTTER. I. THE CONSISTENCY OF BUTTER AS 
DETERMINED BY MECHANICAL AND CONSUMER 
PANEL EVALUATION METHODS ? * 


J. G. KAPSALIS, J. J. BETSCHER, T. KRISTOFFERSEN, anp I. A. GOULD 


Department of Dairy Technology, The Ohio Agricultural Experiment Station, Columbus 


SUMMARY 

An instrument, the Consistometer, was perfected for measuring spreadability (by 
a knife) and hardness (by a wire) of butter. The instrument differentiated between 
butters with 120 to 500 g. of hardness and 260 to 1,542 g. of spreadability. Such butters 
ranged between easy to difficult to spread on the basis of a consumer panel evaluation. 

Evaluation of 109 commercial butter samples obtained from 14 different states 
located in different parts of the country revealed a high degree of correlation between 
the instrument and the consumer panel. The results indicated that the most desirable 
butter consistency from the consumer’s standpoint represents a range on the Con- 
sistometer of 400 to 900 g. resistance to the knife, or 140 to 200 g. resistance to the 
wire, under the conditions of this study. Butters from the same sections and from 
different sections of the country at the same season varied widely in spreadability and 
hardness, displaying spreadabilities of 260-1,542 g. and hardness of 120-500 g. 
About 75% of the samples exhibited a spreadability range of 801 to 1,400 g. 

The need for improvement in the consistency of butter is apparent. Statistical 
analysis of manufacturing data supplied by the companies showed significant correla- 
tions between butter spreadability and/or hardness to (a) method of pasteurization, 
(b) churning temperature, and (c) butter storage temperature. 


The rheological characteristics of butter have been studied by a number 
of subjective and objective methods. The subjective methods involved organo- 
leptic examination and manual ways of spreading the butter on bread or other 
support (3, 24) ; whereas, objective methods have dealt with mechanical meas- 
urements of compression (4, 13), penetration (14, 18), extrusion (9, 21), 
cutting (3, 6), spreading (15, 16, 20), viscosity (2, 23), and other variables (1). 
On the basis of these methods, the consistency of butter has been studied by 
Hunziker et al. (13), Coulter and Hill (4), Dolby (6, 7, 8), DeMan and Wood 
(5), Wilster (24), Weekel (22), Thomsen (20), and other workers. More 
recently, Huebner and Thomsen (11) constructed an instrument for measuring 
both spreadability and hardness of butter, using the basic principles of a 
similar instrument developed by Mohr and Haesing (16). This instrument was 
employed by Riel (19) in a study of the spreading character of Canadian butter. 
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In the present study of the effect of chemical additives on the hardness and 
spreadability of butter, it was essential to (a) develop or select a mechanical 
method for measuring these two variables, (b) determine the limits of desirable 
improvement in the spreading quality of butter, as indicated by mechanical 
and consumer panel evaluation methods, and (c) make observations of varia- 
tion in consisteney of butter as related to manufacturing practices. 


EXPERIMENTAL PROCEDURE 


Collection of samples. A total of 109 butter samples from 100 butter manu- 
facturing plants located in 14 states across the country was obtained by request 
during the months of December to February, included. The states involved 
were Oregon, Kansas, Minnesota, Missouri, Ohio, Washington, Iowa, North 
Dakota, Wisconsin, Oklahoma, Colorado, North Carolina, Louisiana, and Texas. 
To study possible relationships between manufacturing procedures and the 
spreadability of butter, a questionnaire on manufacturing techniques accom- 
panied the request for butter samples. About 90% of the butter samples were 
received in 14-lb. prints and the remainder was in 1-lb. prints or in bulk form. 
The butter was stored at 55° F. for 48 hr., after which it was cut into 414- by 
114- by 114-in. blocks and subjected to testing by the mechanical and by the 
consumer panel evaluation methods at 55° F. 

Selection and construction of the consistency meter. An apparatus was 
constructed (hereafter referred to as the Consistometer) which was similar 
in principle to the instrument developed by Huebner and Thomsen (11) but 
with certain improvements suggested by Huebner (10) (Figure 1). It consists 
mainly of a pendulum driven by a constant-speed motor. The knife or wire 
used to spread or cut the butter is mounted at the lowest point of the are 
described by the pendulum. The sample to be tested is held in place by a 
stainless steel frame and it is raised 1/16 in. for the knife, and 1/8 in. for the 
wire, before each determination. The total resistance to cutting (wire) or 
spreading (knife) is measured by the sum of the force exerted by fixed weights 
and by the constant-speed motor. The fixed weights act through a pulley system 
and the force can be measured directly in grams. The force exerted by the 
constant-speed motor is registered on a torque-meter which is mounted on the 
pendulum arm. Improvements to this instrument, involving primarily the 
pendulum design and the bearing surfaces, increased the sensitivity. 

Consumer panel evaluation. To evaluate the spreading character of the 
butter by manual means, a consumer panel was selected. This consisted of 
36 persons of clerical and staff personnel of the University campus. At appro- 
priate times, these panel members, in small groups of three to five at a time, 
were asked to test the spreading property of the butter. Each panel member 
did this by spreading a pat of the butter of a standard size (64 pats per pound) 
on rye bread with a table knife, at a uniform temperature of 55° F. The 
panelist rated each sample by xn 11-point scale, with descriptive terms at 
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Fig. 1.-The perfected Consistometer for measuring hardness and spreadability of butter. 
(The Accurate’ Manufacturing Company, Columbus, Ohio.) 
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2-point intervals, ranging from very easy to spread to very difficult to spread. 
This score sheet is as follows: 


Point Descriptive Term 
1] Very easy to spread 
10 
9 Easy to spread 
8 
7 Moderately easy to spread 
6 
5 Moderately difficult to spread 
4 
3 Difficult to spread 
9 
1 Very difficult to spread 


At each evaluation, a sample of butter of average spreadability was included 
to assist the panel members in maintaining a proper day-by-day perspective 
with regard to the range in spreadability. 


RESULTS 

Reproducibility of the consistometer. To study the reproducibility of the 
Consistometer, quadruplicate measurements for spreadability and hardness 
were made on eight samples of butter which varied widely in body charac- 
teristics. Results are in Table 1. 

The hardness of the eight samples varied from 138 to 363 g. Standard 
deviation of hardness values ranged from 0 to 32.00 g. and coefficient of varia- 
tion from 0 to 8.8%. Spreadability values varied from 535 to 1,052 g., standard 
deviation from 8.15 to 10.10 ¢@., and coefficient of variation from 1 to 2%. 

Sample G displayed wide variability in its hardness and _ spreadability 
measurements as indicated by the high standard deviation. This may be 
attributed partly to the relatively, great hardness of the sample. By omitting 


TABLE 1 
Reproducibility of the Consistometer 








Hardness Spreadability 
(wire) (knife ) 
Resist- Resist- 
ance to ance to 
Sample cutting spreading 
No. (average ) s* e.v.? (average ) s ¢.v. 
(g.) (g.) (%) (g.) (g-) (%o) 
A 141 3.48 2.46 535 10.00 1.80 
3 138 0.00 0.00 585 12.80 2.00 
C 155 0.00 0.00 685 10.00 1.40 
D 188 0.00 0.00 800 8.15 1.00 
E 205 0.00 0.00 838 9.80 1.10 
F 210 7.07 3.33 903 9.60 1.06 
G 363 32.00 8.80 1052 19.10 1.80 
H 282 9.40 3.30 : 


s=standard deviation. 
"ev. = coefficient of variation. 
=reading not taken due to erratic swinging of the scale. 
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results for Sample G, the hardness standard deviation ranges from 0 to 7.07 
g. and the spreadability standard deviation from 8.15 to 12.80 g. This indicates 
smaller variability of the wire measurements than of the knife measurements. 
The per cent variability of the measurements is similar for both the wire and 
the knife. Within a large butter consistency range, there seems to be no rela- 
tionship between hardness or spreadability and variability of the individual 
measurements. Therefore, the consistometer may be said to give highly repro- 
ducible results. However, when extremely hard butter is tested, the variability 
of both the wire and the knife measurements tends to become greater and for 
Sample H, erratic swinging of the seale prevented accurate reading of spreada- 
bility. In this case, hardness proved more convenient. 

Evaluation of commercial butters. The 109 commercial samples of butter 
were subjected to testing by the Consistometer and to evaluation by the con- 
sumer panel. The results are in Table 2. Spreadability values by the Con- 
sistometer ranged from 260 to 1,542 g., averaging 1,017 g., and hardness values 
from 120 to 500 g., averaging 258 g. About 75% of the samples showed a 
spreadability range from 801 to 1,400 g. On the same samples of butter, con- 
sumer ratings ranged from 9.5—easy to spread, to 3.4—difficult to spread, with 
an average rating of 6.2, which lies between moderately easy to spread and 
moderately difficult to spread. The possible relationship between the three 
methods of evaluating butter was examined statistically. 

The regression of mechanical spreading, y,, on the consumer panel ratings, 
£y, and the distribution of samples about the regression line are illustrated in 
Figure 2. The standard error about the regression line is dy: xz = 167.011, the 
t value for the coefficient of x, for 107 d.f is t= —10.310, and the correlation 
coefficient is r= —0.7057. The regression indicates that one unit difference in 
the consumer rating corresponds to 137.644 g. change in spreadability. The 
null hypothesis for the coefficient of x,, tested with a ‘‘t’’ test, was rejected 





TABLE 2 


Spreadability and hardness of butters as determined by the Consistometer and the 
consumer panel 























° Consistometer Consumer panel 
Spreadability Hardness Spreadability 
No. of - 
samples Range Average Range Average Range Average 
(g.) (scale points) 
2 260-403 332 120-144 132 9.5-8.8 9.2 
2 574-578 576 138-158 149 9.0-8.8 9.2 
+ 610-690 648 172-197 183 8.1-6.2 7.4 
7 724-789 761 176-230 192 7.4-6.0 6.9 
13 831-896 869 196-292 222 8.44.7 7.0 
22 903-991 943 188-273 226 8.44.9 6.4 
17 1,004+1,090 1,041 200-285 241 7.2-4.5 6.1 
16 1,102-1,183 1,137 218-361 268 6.7-4.0 5.8 
10 1,216-1,286 1,250 265-430 332 6.4-3.8 5.2 
Y 1,333-—1,400 1,367 292-451 365 6.1-4.5 5.5 
5 1,426—1,440 1,435 366-498 448 5.24.7 4.9 
2 1,514-1,542 1,514 500-500 500 3.4-3.4 3.4 


109 260-1,542 1,017 120-500 258 9.5-3.4 6.2 
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Fig. 2. Relationship between mechanical spreading and consumer panel rating. 





at the 1% level of significance. The deviation of samples from the regression 
line tended to become greater when very soft or very hard samples of butter 
were tested. 

The regression of mechanical hardness y, on the consumer panel rating, 
Ly, and the distribution of samples about the regression line are shown in 
Figure 3. The standard error is dy-x = 58.585, the ¢t value t = —9.509, and the 
correlation coefficient r= —0.6767. The null hypothesis is rejected at the 1% 
level of significance. The deviation of samples from the regression line tends 
to become greater with very hard but not with very soft samples. In general, 
there is less scattering of the samples than in the case of Figure 2. This may 
indicate that, in addition to the greater variability of the knife measurement, 
samples of butter, which on the basis of consumer panel and mechanical hard- 
ness methods fall in the same range (Figure 3), can be further differentiated 
by the mechanical spreading method (Figure 2). 

The close relationship between mechanical spreading y, and mechanical 
hardness x, is shown in Figure 4, with dy: x = 120.213, t = 17.454, r = 0.8602, 
and significance at the 1% level. The deviations from the regression line tended 
to become greater with both very hard and very soft samples. The lack of 
uniformity in the hardness and spreadability of commercial butters is clearly 
demonstrated by the wide scattering of samples along the mechanical as well 
as the consumer panel scales (Figures 2, 3, and 4). 

Based on the consumer panel evaluation results, it appears that the most 
desirable range for American butter would be from 400 (easy to spread) to 
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Fig. 3. Relationship between mechanical hardness and consumer panel rating. 
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Fig. 4. Relationship between mechanical hardness and mechanical spreading. 
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900 g. (moderately easy to spread) resistance to the knife or about 140 to 200 
g. resistance ‘o the wire under the conditions of this study. This would result 
in a spreadable and quite uniform butter. 

Relationship between manufacturing procedure and the consistency of butter. 
Forty-six completed questionnaires were returned by the manufacturers who 
supplied the butter. These contained a variety of information, some of which 
dealt with: (a) type of cream, (b) method of pasteurization, (c) churning 
temperature, (d) wash water temperature for the butter, (e) time of storage 
of the butter before printing, (f) temperature of storage of the butter before 
printing, (g) printing temperature, and (h) geographic location of the manu- 
facturing plants. Obviously, there were wide variations in the geographic 
location, feeding practices, manufacturing conditions, temperature, and other 
factors. Also, it is recognized that the information is solely that supplied by 
the manufacturer and, consequently, it may be used only as a guide. Never- 
theless, it seemed desirable to summarize the questionnaire responses in respect 
to certain manufacturing practices and to treat these statistically. The results 
are presented in Table 3. 

The statistical analysis reveals that, at the 5% level, the following significant 
relationships existed : 

Pasteurization. The low-temperature long-time method of pasteurization 
produced the softest and most spreadable butter, followed by the vacuum 
method. The high temperature-short time method produced the hardest and 
least spreadable butter. The effect of pasteurization method may have been 
due io the rate of cooling of the cream rather than to the method of heating 
(3, 21). 

Churning temperature. The lower the churning temperature, the less 
spreadable was the butter. 

Butter storage temperature. The higher the storage temperature before 
printing, the harder the butter. 

No correlation was found between consistency of the butter and the type 


TABLE 3 
Relationship between manufacturing procedures and the consistency of butter based on the 
analysis of questionnaire, information 


Variables No. of samples Correlation 

Cream 

Farm-separated 14 

Plant-separated 32 ‘3 
Pasteurization 

Vat 18 : 

Vacuum 1] . 

HTST 17 7 
Churning temperature 46 % 
Wash water temperature 46 . 
Storage before printing 46 

Time . 

Temperature 46 . 
Printing temperature 46 9 
Geographic location 46 “ 


*No correlation. 
»Significant at the 5% level. 
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of ercam, temperature of wash water, length of storage time before printing, 
printing temperature, and the geographic location. There were wide variations 
in spreadability and hardness within sections and between sections of the 
country. Although not included in the statistical analysis, it appeared that 
continuous churned butter from a given area was harder and less spreadable 
than conventional butter, but there was some overlapping of values. 


DISCUSSION 

The Consistometer differentiated clearly between butters which ranged from 
120 to 500 g. in hardness and from 260 to 1,542 g. in spreadability. The results 
reveal that the mechanical method of the Consistometer for measuring hardness 
and spreadability of butter reflects the consumer reaction to spreadability. 
However, it is important to note that a higher degree of correlation was ob- 
tained between knife and wire than between either of these and the consumer 
panel. This seems to indicate a weakness in the consumer panel evaluations, 
due to a probable tendency on the part of the members to avoid extreme rat- 
ings. Also, the two mechanical methods are evidently more sensitive than a 
consumer panel in differentiating between butters, diftering only slightly in 
consistency. Although the Consistometer measures both spreadability (with a 
knife) and hardness (with a wire), it is more responsive to spreadability 
changes. In addition, the knife reflects changes over a larger scale of readings 
than does the wire. However, due to the sensitivity of the knife measurement, 
variability in spreadability becomes greater as the hardness of the sample 
increases. When extremely hard samples are tested (above 1,100 g.) there is 
an erratic swinging of the scale and readings are difficult to obtain. In this 
case, wire measurements are more convenient and more meaningful than knife 
measurements. It may be stated that knife and wire register similar as well as 
different rheological characteristics. For most samples, the combination of 
knife and wire gives a picture of consistency which seems to be more complete 
than many of the methods used in the past. 

The results of the survey indicate that extreme variation exists in the con- 
sistency of commercial butter supplies of the same section as well as of different 
sections of the country. The need for improvement in spreadability and hard- 
ness characteristics is apparent—not only in the actual values but alsu with 
respect to uniformity between butters. 

Considerable improvement in the spreading character of butter can be ac- 
complished by adjustment of certain processing factors, as indicated by the 
statistical analysis of the information obtained. from the questionnaires. The 
effect of some of these processing factors has been demonstrated experimentally 
previously (5, 8, 9). Since the possibility of improving the consistency of 
butter by adjusting certain processing steps has been known for more than 
25 yr. without practical advantage being taken of this knowledge, it would 
appear that some simpler method of improving butter consistency is needed. 
One such method would be the use of edible chemical additives to lower the 
hardness and increase the spreadability. Research in this area is currently 
under way in this department. 
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DISTRIBUTION OF BUTYRIVIBRIO FIBRISOLVENS IN NATURE 


DON W. BROWN' anv W. E. C. MOORE * 
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Virginia Polytechnic Institute, Blacksburg 


SUMMARY 

Seven strains of anaerobic, gram-negative, monotrichous, butyrie acid—producing 
eurved rods have been isolated from feeal material of human beings, rabbits, and 
horses in concentrations approaching 1 xX 10° per gram. No two of the isolates were 
identical in all physiological reactions, and all strains showed similarities to strains 
of Butyrivibrio fibrisolvens previously described from bovine ruminal ingesta. 

B. fibrisolvens has previously been demonstrated to be an important rumen organism. 
Its isolation from rabbits suggests a simple mechanism of transmission of rumen 
organisms among ruminants. Its isolation from humans suggests the applicability of 
methods, designed for fastidious rumen microorganisms, to the culture of a large 
portion of the human intestinal flora which is yet to be described. 

Chromatographie analysis of human fecal material revealed close similarities be- 
tween the fermentation products of Butyrivibrio and the proportions of fatty acids 
in the human intestinal tract. 





The importance of Butyrivibrio fibrisolvens in the ruminal fermentation 
has been indicated by repeated isolation in high numbers from ruminal ingesta, 
its occurrence in animals from many geographic locations, and its fermentative 
activities |Hungate (7); Huhtanen and Gall (6); Wilson (12); Bryant and 
Small (3); Maki and Foster (9); Gill and King (5); Lee and Moore (8)]. In 
the present study an investigation was made of the distribution of Butyrivibrio 
in some other locations which might indicate the mechanisms by which this 
and other rumen organisms are so readily transmitted to ruminants in nature. 


MATERIALS AND METHODS 


The anaerobie technique used to culture the rumen bacteria was that of 
Hungate (7). Methods and media for culture isolation and study of physio- 
logical characteristics were those of Bryant and Burkey (1), Bryant and 
Doetsch (2), and Bryant and Small (3, 4), with minor variations in the compo- 
sition of their media to aid selectivity for Butyrivibrio as used by Lee and 
Moore (8). 

All colonies from roll tube cultures inoculated with 1 x 10°° dilutions of 
samples were isolated. Colonies were transferred to broth under COs and 
incubated at 39° C. for three days. All cultures which did not contain gram- 
negative rods were recorded and discarded. The remaining cultures were 
purified through alternating serial roll tube cultures and broth cultures, in 
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which macroscopic and microscopic observation of several colonies in each 
of two serial roll tube cultures indicated single morphotypes. Isolated cultures 
were maintained in broth culture and transferred at four- to five-day intervals. 
Gram stains were made of the cultures, following each transfer throughout 
the study to verify continued purity. 

Fermentation products were identified, using silicic acid chromatography 
with an integrated benzene-ether solvent according to the method of Smith 
et al. (10). Fecal material was diluted 1:1 (w/v) with water prior to chro- 
matographic analysis. 

RESULTS 

Two hundred and ten isolated colonies were picked from 1 X 10-° dilution 

of 21 roll tubes as indicated in Table 1. These cultures were obtained from 


TABLE 1 
Distribution of microbial types from animal sources 











Non- Gram-negative Butyrie 
p viable Gram-positive rods (flagella) acid 
Roll No. of subeul- ~ pro- 
Location tubes colonies tures Rod Coecus Mono. Peri. ducers 
Rabbit 5 56 1 32 11 4 8 + 
Human 7 72 0 63 5 2 2 2 
Horse 9 82 0 41 30 1 10 1 
Totals 21 210 ] 136 46 7 20 7 











fecal samples from six Eastern cottontail rabbits [Sylvilagus floridanus mal- 
lurus (Thomas) ], six horses, and six humans. Duplicate roll tubes were picked 
in the case of samples for one rabbit, three horses, and one human. Seven 
isolated colonies were gram-negative, monotrichous, curved rods, which pro- 
duced large amounts of butyric acid in glucose medium. All seven were proven 
to be obligately anaerobic. A photomicrograph of the flagella stain of a typical 
culture (H1) is shown in Figure 1. Strains designated Hl and H8 were 
obtained from humans, R3 and R12 from rabbits, and E15 from a horse. 
After generic identification, two Butyrivibrio isolates from rabbit feces were 
lost when they failed to remain viable on RGCA [Bryant and Small (3) | 
slants after only a few days of refrigeration. The morphological characteristics 
of the remaining isolates are given in Table 2. 

The organisms grew well in rumen fluid glucose medium under a carbon 
dioxide atmosphere in the absence of bicarbonate. Some cultural character- 
istics of the isolates are shown in Table 3. All strains grew well at 39° C. 

All of the cultures produced acid from xylose, arabinose, maltose, dextrin, 
inulin, cellobiose, sucrose, galactose, and salicin. No visible evidence of cellu- 
lolytie activity was found from roll tubes of rumen fluid cellulose medium after 
1 wk. of incubation; however, the cultures had been carried in the laboratory 
for several weeks prior to this test. 

Concentrations of the fatty acids produced by the five strains in rumen 
fluid glucose medium are shown in Table 4. The fatty acids present in the 
medium were subtracted from the results in this table. Butyric, isobutyric, 
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Fig. 1. Photomicrograph showing monotrichous flagellation of Butyrivibrio fibrisolvens 


isolated from human (H1). (2,500 X enlarged from 970 X 


TABLE 2 
Morphological characteristics of five strains of Butyrivibrio fibrisolvens cultured in rumen 
fluid glucose broth medium (24-hr. cultures) 





Appearance 





in broth 

Strain Shape Occurrence Size (xn) medium 
E15 S.C. R.* Singly and 0.2-0.3 X 1.4-2.0 Turbid 

short chains 

Hl S.C. R. Singly 0.3-0.4 X 1.2-1.5 Turbid 
H8 S.C. R. Singly 0.3-0.4 X 1.5-2.8 Turbid 
R3 S.C. R. Singly 0.2-0.4 X 1.4-2.0 Turbid 
R12 S.C. R. Singly 0.3-0.4 X 2.1-2.6 Turbid 





*S.C. R. = Slightly curved rod. 


TABLE 3 
Some cultural characteristies of five strains of Butyrivibrio fibrisolvens 








Strain 
E15 H1 H8 R3 R12 
H2S production + = a : a 
Casein digestion . = = ae 
Nitrate reduction — ” ‘i i ae 
+ + + + + 


Hydrolysis of starch 
Acetyl methyl carbinol production 
Gelatin liquefaction 
Indol production 








and propionic acids were identified by co-chromatographic methods, whereas 
the five carbon acids and acetic acid were identified by their relative positions. 





DISTRIBUTION OF BUTYRIVIBRIO FIBRISOLVENS 1573 


TABLE 4 


Fatty acids produced in 40% rumen fluid glucose medium by five strains of 
Butyrivibrio fibrisolvens and human feces 





Acid produced (meq/100 ml.)* 











Five — 

Strain carbon Butyric Isobutyric Propionic Acetic 

E15 0.25 7.10 1.55 6.63 1.38+ 
H8 0.15 2.25 0.48 0.50 0.00+ 
Hl 1.58 11.02 1.52 3.07 1.98+ 
R3 0.35 4.05 0.15 0.00 0.00+ 
R12 0.10 1.72 0.00 10.70 2.28+ 
40% R.F. medium 0.50 2.10 0.00 2.25 0.90+ 
Human feces? 1.96 12.24 3.23 39.02 24.90+ 








“The values are reported after subtraction of the acid in the control rumen fluid medium. 
” Reported in meq/100g. 





During the present study two samples of bovine rumen ingesta were cul- 
tured in order to verify the ability of the method to detect Butyrivibrio. Bu- 
tyrivibrio was isolated in concentrations of 1 X 10® per milliliter of ingesta 
from both samples. No gram-negative obligately anaerobic curved rods were 
observed in six samples of pond mud. 


DISCUSSION 

The data obtained in these experiments indicate that B. fibrisolvens is 
widely distributed in nature. The presence of this organism in rabbit feces 
and horse manure indicates that this and perhaps other rumen organisms may 
readily be ingested by ruminant animals in pasture. Rabbits could easily be 
responsible for maintaining and transmitting endemic populations of rumen 
organisms. 

The methods used to isolate this organism from human feces have not been 
widely applied to the field of human bacteriology and there is reason to believe 
that they will make possible the study of many organisms from the intestinal 
tract included in the large group which has not been cultured and has often 
been presumed to be dead [Wilson and Miles (11)]. Butyrivibrio has previ- 
ously been shown to be an important rumen organism. The similarity between 
the fatty acids of human fecal material and the fermentation products of 
Butyrivibrio indicate that this organism may contribute materially to the 
fermentative ac?.vity of the human intestinal tract. The major product, butyric 
acid, is known to be metabolized by monogastric animals as well as by poly- 
gastrie animals. The lower intestinal tract may serve as a nearly continuous 
source of this metabolite, in addition to that produced in the body during 
beta-oxidation of fatty acids. 

Studies of the morphological, physiological, and fermentative characteristics 
of the five strains of Butyrivibrio in these experiments further indicate the 
similarity of the organisms to Bryant and Small’s (3) strains of B. fibrisolvens. 
The two human strains reduced nitrate. This reaction was not reported by 
Bryant and Small (3) to be representative of B. fibrisolvens, but a nitrate- 
reducing culture was isolated from cattle and designated as Butyrivibrio by 
Lee and Moore (8). 
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TYPES AND SEQUENCE CHANGE OF BACTERIA IN ORCHARDGRASS 
AND ALFALFA SILAGES 


C. W. LANGSTON anp CECELIA BOUMA 
Dairy Cattle Research Branch, USDA, Beltsville, Maryland 


SUMMARY 


The types and sequence change of lactic acid bacteria in 30 orchardgrass and alfalfa 
silages have been determined. The 3,142 strains studied were representative of silage 
quality, different cuttings, and stages of fermentation. Both cocci and lactobacilli were 
found on the forages and in the silages. It was generally true that better quality silages 
were obtained when the early bacterial flora consisted predominantly of cocci. Most 
cacei, except the pediococci, disappeared a few days after ensiling. In the good quality 
silages, three species of lactic acid bacteria emerged as the dominant population. These 
included Lactobacillus brevis, Lactobacillus plantarum, and pediococei. L. brevis was 
usually found in the later stages of fermentation and was more prevalent in the alfalfa 
silages. In the poor quality silages, four species were found, including the three men- 
tioned above and Lactobacillus casei (variable), an attenuated strain of lactobacilli. 
The results do not directly explain why the low acid producing strains reached such 
high numbers in poor quality silages. It is suggested, however, that a series of inter- 
acting factors may be responsible for selecting certain organisms. Among these are 
included entrance of air into the forage mass, increased temperature, and amino acid 
imbalance. These factors assume an important role in determining the course of the 
fermentation, especially in the conflict between the lactic acid bacteria and the spore- 
forming anaerobes. 


Langston et al. (14) in 1955 prepared silages from first, second, and third 
cutting orchardgrass and alfalfa. Silages from each of the six harvests were 
prep: red by five treatments (30 silages). The treatment» were basically varia- 
tions in the extent to which atmospheric oxygen was included or excluded. 
The purpose was to provide silages with a range of quality and to study the 
bacteriological and chemical changes that occurred at different stages of fer- 
mentation. Of the 30 silages studied, 16 were designated good, ten poor, and 
four intermediate quality. The bacteria isolated from the silages, grouped on 
the basis of certain tests and strains from each group, were studied in detail. 
The results showed that effective preservation of forage as silage depended upon 
rapid and adequate production of acids by the bacteria present, and that the 
success or failure of making good quality silage is determined during the early 
stages of the fermentation process. 

The purpose of this paper is to discuss in more detail than was possible in 
earlier work (11, 12, 14) the types of organisms that proliferated in the silages 
described above and, in particular, to describe their changes at different stages 
of fermentation. 

EXPERIMENTAL METHODS 

The methods used for preparation of plant material, ensiling and sampling 
and the procedures used in identifying bacteria, are described elsewhere (11, 
12, 14). The tests used to group the 3,142 strains of bacteria isolated from the 
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30 silages included cultural, morphological, and staining properties, produc- 
tion of gas from glucose, catalase poadantion, ability to grow at 45° C., reaction 
in litmus milk, ability to grow in 6.5% of sodium chloride, reduction of nitrate, 
and ability to hydrolyze arginine. Generally, the organisms fell into a few 
well defined groups. Representative strains were then chosen from each group 
according to the type of forage from which they were isolated, the cutting and 
stage of fermentation. The strains picked for detailed study were approxi- 
mately proportional to the size of the groups. When the representative strains 
were identified and arranged into species, it was a rather simple task to identify 
the remaining strains. 
RESULTS 


To establish more clearly the relationships between the siiages studied, 
Figures 1 and 2 are included, which show the development of organic acids in 
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good and poor quality silages. The good quality silages contained mostly lactic 
acid (Figure 1). The poor quality silages showed increases in lactic acid early 
in the fermentation, then a decrease, with a corresponding increase in butyric 
acid (Figure 2). High levels of ammonia nitrogen and low rates of nutrient 
preservation also were associated with the poor quality forages. 

Total anaerobic and lactic acid bacteria counts reached about the same 
maxima in all silages, regardless of quality. The silages which showed rela- 
tively high initial counts of lactic acid bacteria were no better in quality than 
those with few or none. Sporeforming anaerobes were always associated with 
poor quality silages. 

The sporeforming anaerobes isolated from the poor quality silages (1,180 
strains) were not studied in detail, but the media inoculated with then showed 
that about 55% were able to ferment lactate and the others were of the sporog- 
enes type associated with putrefactive changes. 

Few gram-negative bacteria were found under the sampling techniques 
used in the present study. In subsequent work, when aerobic plates were em- 
ployed (138), they were found to be present in high numbers on the forage and 
in the early fermentation process. 

For the purpose of clarity and unity, the numbers of strains of lactic acid 
bacteria from the forages studied were averaged at different stages of fer- 
mentation. The numbers and per cent of total organisms were determined at 
the following days after ensiling: zero day (fresh grass) (Stage 1), two days 
(Stage 2), five and eight days (Stage 3), 12 and 15 days (Stage 4), and 20, 
27, 34, 47, and 62 days (Stage 5) for the orchardgrass silages and zero day 
(Stage 1), two days (Stage 2), five, eight, and 12 days (Stage 3), and 23 and 
41 days (Stage 4) for the alfalfa silages. 

Six hundred and seventy-nine isolates were studied from the first cutting 
orchardgrass, 671 from the second cutting, and 690 from the third cutting. 
Four hundred and seven isolates were studied from the first cutting alfalfa, 
359 from the second cutting, and 336 from the third cutting. 

The number and per cent species from both forages are given in Table 1. 


TABLE 1 
Species of bacteria isolated from orchardgrass and alfalfa forages 








Isolated Isolated from 








from both forages Orchardgrass Alfalfa 

No.of Percent No.of Percent No.of Percent 

Species strains strains strains strains. strains’ strains 
Streptococcus faecalis 46 1.46 43 2.10 3 0.27 
Streptococcus liquefaciens 14 0.44 0 0 14 1.27 
Pediococei 576 18.33 401 19.65 175 15.88 
Leuconostoc mesenteroides 26 0.83 24 1.17 2 0.18 
L. mesenteroides (variable) 102 3.24 70 3.43 32 2.90 
Lactobacillus brevis 768 24.44 413 20.24 355 32.21 
L. brevis (variable) 66 2.10 39 1.91 27 2.45 
Lactobacillus casei 247 7.86 126 6.17 121 10.98 
L. casei (variable) 292 9.29 214 10.49 78 7.07 
Lactobacillus plantarum 993 31.60 702 34.41 291 26.40 


Lactobacillus arabinosus 12 0.38 8 0.39 4 0.36 
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Lactobacillus plantarum was the predominant homofermentative rod found in 
the forages. Lower percentages of Lactobacillus casei and Lactobacillus ara- 
binosus also were obtained. The only heterofermentative rod observed belonged 
to the species Lactobacillus brevis. The pediococci were the most frequently 
obtained cocci in the forages. Lower percentages of the genera Streptococcus 
(Streptococcus faecalis and Streptococcus liquefaciens) and Leuconostoc (Leu- 
conostoc mesenteroides) were found in the early stages of the fermentation. 
Although about 70% of the total strains studied in both forages belonged to 
three species, their stage of development and the proportions obtained in differ- 
ent cuttings and quality of silages varied considerably. 

The fresh plant of both first cutting orchardgrass and alfalfa contained 
mostly coeci. They were usually pediococci, S. faecalis, and Leuconostoc. These 
organisms persisted at two days, although a few lactobacilli appeared. As the 
fermentation progressed the cocci, with the exception of the pediococci, disap- 
peared and increases in both homofermentative and heterofermentative lacto- 
bacilli occurred. The final stage of fermentation in the forages was controlled 
by three types, L. brevis, L. plantarum, and pediococci. L. brevis usually 
occurred in highest percentages in the alfalfa. 

The second cutting, and generally the third cutting, forages contained 
mostly lactobacilli on the fresh plant material. At two days this group de- 
creased, the cocci appeared, and a more balanced flora was observed. The fer- 
mentation proceeded similarly to that described in the first cutting silages, and 
the final stages of ensiling revealed the predominance of the three species men- 
tioned earlier, although in some silages L. casei also occurred in relatively high 
percentages. 

Perhaps the most significant distinctions in the microorganisms from the 
silages are brought out when the different quality silages are compared (Tables 
2 and 3). The intermediate quality silages showed variable characteristics and 
are not included in the comparison between good and poor quality silages. 
Table 2 illustrates the occurrence of species at different stages of fermentation 
in the good and poor quality orchardgrass silages. The fresh plant material 
(Stage 1) of the better quality silages contained a large proportion of cocci. 
The pediocoeci occurred in the highest percentage along with S. faecalis and 
L. mesentermdes. The lactobacilli increased at Stage 2, but were present in 
lower percentages than the cocci. The lactobacilli continued to increase at 
Stage 3 and the cocci, with the exception of the pediococci, decreased. None 
of the cocci except the pediococci was found after Stage 3. The final stage of 
fermentation (Stage 5) consisted of L. brevis, L. plantarum, and pediococei in 
highest percentages. 

The fresh plant material (Stage 1) of the poor quality orchardgrass silages 
contained lactobacilli (LZ. brevis and L. casei). At Stage 2 the cocci appeared, 
but were present in lower percentages than those found in the good quality 
silages. The lactobacilli continued to increase until the final sampling period 
(Stage 5). The cocci persisted longer in the poor forages (Stage 4), probably 


because of the low acid conditions. Notice the proportions of lactobacilli at the 
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final stages of fermentation (Stage 5). A fourth species, L. casei (variable), 
occurred and predominated, along with the ones described in the good quality 
silages. A complete description of this group of organisms showed that they 
were relatively weak in their fermentative characteristics as compared to other 
homofermentative lactobacilli. Similar results were found in the good and 
poor alfalfa silages (Table 3). A slightly different plant flora (Stage 1) was 
noted on the good quality alfalfa silage and more lactobacilli were evident than 
were found on the orchardgrass. A rather balanced flora occurred at Stage 2 
and as the fermentation progressed the cocci, except the pediococci, disappeared 
and the lactobacilli increased. Note the high percentage of L. brevis and typical 
strains of L. casei at the final stage of fermentation (Stage 4). 

The poor quality alfalfa, like the poor quality orchardgrass, contained mostly 
lactobacilli on the fresh plant. Other features also were similar in that 
the final stages of fermentation showed reduced percentages of L. brevis and 
L. plantarum and increased percentage of L. casei (variable). 


DISCUSSION 


The results have shown that both acid-producing cocci and lactobacilli may 
be present on fresh plant material. High initial numbers of cocci were generally 
associated with early cuttings and better quality silages. The variable occur- 
rence of the lactic acid bacteria on the fresh plant indicated a possibility of 
chance contamination, because some plants contained fairly large numbers of 
them and others few, if any. However, the fact that the cocci were usually 
predominant on the first cutting forages and the lactobacilli predominant on 
later cuttings suggested a more naturally controlled phenomenon than chance 
contamination. The sequence change from cocci to rods in the forages also 
varied. In some silages the cocci controlled the fermentation at two days and 
in others the lactobacilli. The general trend at this period, however, was 
toward a balanced flora of cocci and rods. 

The sequence change in silage from pigmented gram-negative bacteria to 
high acid producing lactobacilli has been observed by a number of investigators 
(1-3, 7-9, 16-19). These changes have not always been consistent because some 
workers (6) have shown Stre»tococcus lactis to be the dominant organism from 
the beginning of the ensiling period and others (7) detected gram-negative 
Flavobacterium early and late in the fermentation. Some workers (5) have 
shown no regular development of lactvbacilli in forages held 180 days. The 
report of Dobragosz and Stone (3), which showed the almost complete absence 
of pediococeci in poor quality forages, was not substantiated by the results of 
this study, because these organisms were present in both good and poor forages. 
Some workers have reported that L. plantarum is the organism responsible. for 
most of the acid found in silage. These results and those of other workers 
suggest that other organisms present are equally important. From the data 
presented, it appeared that L. brevis and in some cases L. casei serve as im- 
portant acid producers. DL. brevis usually occurred late in the fermentation and 
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was present in some silages in higher percentages than the homofermentative 
lactobacilli. 

There is no clear explanation of why the low acid producing lactobacilli, 
L. casei (variable), reached such high percentages in the poor forages and of 
exactly what part they played. It was apparent that for some reason they 
were able to compete much better in the silages that were aerated or where 
little attention was given to the exclusion of air. The possibility exists that 
the inclusion of air into the plant mass caused composition changes in the 
forage which enable some strains to compete more effectively. It is known that 
much organic matter is lost as a result of highly oxidative conditions. This, 
along with increased temperatures in the aerated silages, may have caused 
considerable changes in the substrate. These changes could have affected the 
solubility of the substrates so that constituents were not readily taken into the 
cells. 


Some workers have shown that increased dry matter in silage is effective 


in delaying growth of silage bacteria (10, 22). Inhibition of organisms mav 
be brought about by amino acid imbalance (20, 21). In poor silages soon after 
ensiling, amino acids reach high concentrations (7). This high increase of 


amino acids was not apparent in well-preserved forages. It is known that in- 
creased temperatures can influence 1utritional requirements of some bacteria 
(15) and the formation of enzyme systems (4). Some workers (17) have shown 
that antagonism occurs among silage bacteria, but evidence of this phenomenon 
was not observed in this work or that of Gibson et al. (5). Because of the com- 
plexity of the fermentation and the many variables involved, it is probable 
that a series of interacting factors may be responsible for the selection of the 
microorganisms involved. 

It was brought out earlier that most of the silages studied, regardless of 
quality, contained about the same numbers of lactic acid bacteria. In the better 
quality silages a rapid drop in pH was found which was not apparent in the 
poor ones. This observation suggested that cell division was occurring at about 
the same rate, but that the lactic acid produced was either being neutralized 
or converted to some other compound. The latter theory was substantiated by 
the results in Figure 2, which show the conversion of lactate to butyrate by 
the sporeforming anaerobes in the silages. Because of this change the inter- 
action between the lactic acid bacteria and sporeforming anaerobes assumes 
a most important role in the preservation of forage. The changes that occur 
are a result of the environmental conditions in the silo during the early stages 
of fermentation and to some extent the treatment the plant receives prior to 
ensiling. Generally, the lactic acid in the poor silages was formed more slowly 
during the initial stages of fermentation than that in the good quality silages. 
Since differences were observed in the early floral changes, it is not clear whether 
the treatments the silages received had a direct effect on the types and sequence 
of lactic acid bacteria (tolerance to air) or if composition changes occurred in 
the plant tissue which did not permit maximum acid production. The results 


clearly point out that, although a plentiful supply of lactic acid bacteria may 
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be present on the forage and in the silage, certain environmental conditions 
prevent active metabolism and this delay in acid production allows the spore- 
forming anaerobes to compete effectively. 

Generally, there is a lack of uniformity in results obtained by different 
workers studying the silage fermentation. These inconsistencies are probably 
a result of different methods and inadequate knowledge of the many variables 
involved. No doubt much more information can be obtained by a complete 
study of the activities of the microorganisms during the early stages of fer- 
mentation, especially their relationship to the composition of the forage. 
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CONTINUED PROGRESS TOWARD CONTROLLING BLOAT. A REVIEW 


H. H. COLE anp J. M. BODA 


Department of Animal Husbandry, University of California, Davis 


Bloat has been characterized as an insidious disease (70). Conversely, 
many livestock producers are certain that a specific environmental factor such 
as dew, rain, or direction of the wind accounts for bloat on legume pasture. 
Since bloat can be readily produced or prevented experimentally, one can no 
longer refer to it as an insidious disease excepting in a limited sense: we still 
cannot define the conditions either of the legumes consumed or of the ruminant 
consuming them to accurately predict the severity of bloat resulting from a 
given regime; neither can we describe the predisposing conditions sufficiently 
accurately to produce bloat in 100% of animals subjected to a given treatment. 
As the condition of the plant consumed and the physiological state of the 
ruminant both determine whether bloat will occur, it is small wonder the term 
insidious has been used as a descriptive adjective. 

The most encouraging aspect of current bloat research is its breadth, rang- 
ing from a study of physical and chemical characteristics of bloat-provoking 
and nonbloat-provoking plants to a study of the differences in the physiological 
mechanisms of bloating and nonbloating animals. In between lie the studies 
relating to the microbiology of the rumen which, it appears, is influenced both 
by the type of feed ingested and by the effectiveness of certain physiological 
mechanisms involving the rumen and associated structures. 

To launch immediately into a discussion of the studies directly concerned 
with bloat control, therefore, would provide, at best, a blurred image of the 
progress to date. We prefer, on the other hand, to indicate the scope of re- 
search relating to bloat. As several recent reviews are available (47, 70, 97, 
143), we shall not attempt to make the coverage complete. 

In this discussion on bloat we will use the classification employed by Cole 
et al. (47): 

1. Chronic bloat—a condition of tympany occurring irrespective of the 
qualitative nature of the diet. This would include the type of bloat encoun- 
tered in a conventional type of dwarfism, in calves with chronie digestive dis- 


‘Parenthetically, the writers can not refrain from calling attention to the distorted 
picture of our knowledge concerning bloat and its prevention presented to livestock pro- 
ducers by the popular press. To a considerable extent, the fault lies with the investigators. 
Rather than providing a balanced discussion of bloat and its control, too often the articles 
give glowing reports, frequently premature in nature, on specific mean of bloat prevention. 
In some instances the articles are written to support advertisements appearing in the same 
number. Nichols (143) has listed many popular articles. It is, we believe, an important fune- 
tion of scientific groups such as this to devise means of reporting progress in research on 
domestic animals in a manner which will not create utter confusion in the minds of live- 


stock producers. 
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turbances, or in ruminants suffering from peritonitis. Chronic bloat will not 
occur on a starvation diet but will vary with the quantitative nature of the diet. 

2. Subacute bloat—a condition resulting from a specific dietary regimen, 
such as succulent legumes, or a predominantly concentrate diet, in which dis- 
tressing symptoms such as frequent urination, defecation, and labored breathing 
are not manifested. Ruminal pressure, as measured by use of the tympanom- 
eter, will vary from slightly above zero to 57 mm. Hg. 

3. Acute bloat—similar to subacute bloat, except that the condition is 
further advanced and distressing symptoms appear. Ruminal pressure will 
vary from 45 to 69 mm. Hg. 


Feedlot bloat, by common usage, refers to bloat in fattening beef cattle on 
high concentrate rations in which the intake of roughages is restricted. Basi- 
eally, feedlot bloat and bloat on legume pasture are similar, in that excess 
foaming of rumen ingesta is involved in both. There may be one distinguish- 
ing feature, namely, Lindahl (122) has reported a progression in severity of 
feedlot bloat with time; no one, to our knowledge, has observed this phenome- 
non on legume pasture. 

Regrettably, many reports on bloat are still being published which provide 
no information, or only subjective information, on the severity of bloat en- 
countered. Ideally, though impractical in most instances, manometric measure- 
ments of pressure should be recorded. Determining pressures with a tympanom- 
eter is superior to subjective methods (113). Classification of bloat into sub- 
acute and acute, on the basis of the absence or presence of distressing symp- 
toms, is preferable to making no attempt to characterize the severity of bloat 
encountered. 


PHYSIOLOGY OF THE RUMEN AND RELATED STRUCTURES 


Rumen development. The rumen of the calf fed a normal ration contains 
a substantial population of celluolytic bacteria at relatively early age (39), 
and at 9 wk. the rumen ean be considered functional from the bacteriological 
standpoint (40), although the establishment of an adult-type ruminal flora 
may be hindered by feeding a complete milk diet (118). Volatile fatty acid 
absorption from the rumen ean occur at 3 wk. of age in calves (130). The end- 
products of microbial fermentation, rather than the physical nature of the diet, 
are primarily responsible for the development of the rumen mucosa and for- 
mation of papillae (82, 163, 183), although ration preparation may have some 
influence (175). There is evidence of a relationship between weight gains and 
papillary formation in lambs in the feedlot (114, 167). 

Although the rumen may be capable of fermenting ingested carbohydrates, 
with the consequent production of rumen gases at an early age, complete physi- 
ological development, particularly complex ruminal motility patterns such as 
eructation, may lag behind. Reflex acts which do not involve the rumen, such 
as regurgitation, may develop within the first 2 wk. after birth (172). Dziuk 
and Sellers (75) observed an increase in the regularity and amplitude of 
ruminal contractions in roughage-fed but not milk-fed calves up to 90 days of 
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age. When roughage was fed to calves previously receiving milk only, motility 
was stimulated, but full development was attained only after a 60-day lag 
period. The factors in roughage responsible for stimulating the development 
of ruminal motility are unknown and warrant investigation. 

It is conceivable that some cases of chronic bloat in young calves might be 
explained by conditions where considerable rumen fermentation precedes the 
development of an adequate eructation mechanism. This might be particularly 
true when a sudden change from a milk to a dry ration is made at a fairly late 
age. 

RUMINO-RETICULAR MOTILITY 


Methods of study. Although classical procedures for recording rumino- 
reticular motility are still being utilized (55, 176), the past decade has seen a 
refinement of techniques and the development of new instruments for this 
purpose. A partial list of such devices is as follows: 

Electronic devices with suitable transducers have been used to investigate 
regurgitation in the goat (22) and rumino-reticular motility in cattle (76). 
Reid, Melville, and Cornwall (161) have developed a pressure transducer and 
earrier amplifier wh..:., in conjunction with a level recording device (159), 
allows the recording of pressure tiuctuations in various parts of the rumen 
(which reflect contractions and relaxations) and the simultaneous recording 
of changes in position of the rumino-reticular fold and rumen pillars. The use 
of this apparatus has helped clarify our understanding of the detailed move- 
ments of various portions of the rumino-reticulum during its cyelic activity. 
Dougherty and Meredith (73), among others, have employed fluoroscopy for 
the visual observation of ruminal phenomena in sheep. A simple apparatus 
involving a modified stethograph has been adapted to record girth changes 
in stanchioned cattle (155), and Wallace (182) has suggested the use of 
radiosondes for measuring intrarumen pressures, and Payne (148) has described 
a telemetering system preset to signal the attainment of any given intrarumen 
pressure in conjunction with studies on bloat. A technique has been developed 
by Colvin et al. (58) which allows a quantitative measurement of the volume 
of gas expelled during eructation in cattle. Although not directly related to 
measurements of rumen motility, an excellent fistula plug for large ruminal 
fistulas has been fabricated by Mendel et al. (139). This plug should be of 
considerable use, not only to those investigating motility but to those interested 
in all phases of rumen function. 

Patterns of motility. The normal motility patterns of the rumen and reticu- 
lum have been described in considerable detail by Wester (187), Schalk and 
Amadon (164), and more recently by a number of investigators using a variety 
of techniques (see, for example, 41, 73, 74, 76, 85, 153, 159, 186, 189). Two basic 
motility patterns exist: the mixing (primary or major contraction) and eruc- 
tation cycles (secondary or minor contraction). The sequence of events in these 
cycles is as follows: 

Mixing cycle: The cycle is initiated by a sharp, biphasic contraction of 
the reticulum and rumino-reticular fold. With the second phase of reticular 
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activity, a contraction wave involving the anterior and dorsal rumen sac, 
anterior pillar, posterior and dorsal coronary pillars sweeps posteriorly, fol- 
lowed by sequential relaxation. Toward the end of this contraction wave, a 
simultaneous contraction of the anterior, posterior, and ventral coronary pillars, 
the ventral rumen sac and posterior dorsal blind sac, is initiated. The anterior 
pillar then contracts downward, where it remains until the subsequent cycle, 
while the remaining structures relax. This activity results in a revolving of 
ingesta in a roughly clock-wise direction as viewed from the left side of the 
animal. Coordinated with this rumino-reticular activity is contraction of the 
omasal orifice and omasum, serving to control the passage of ingesta into the 
omasum (14, 33, 83, 170). 

Eructation cycle: Eructation begins with a contraction of the dorsal coro- 
nary pillars, followed by contraction of the anterior pillar and the dorsal and 
posterior ventral blind saes. A sharp rise in intra-abdominal pressure and, 
thus, intraruminal pressure is produced by contraction of the abdominal mus- 
eulature (159). Free gas in the dorsal sac is foreed forward into the anterior 
rumen and relaxed reticulum. The contracted rumino-reticular fold and an- 
terior pillar prevent the flow of rumen ingesta forward. The cardia and pre- 
diaphragmatic sphincter open and the rumen gas enters and fills the esophagus. 
These sphincters then close, a pharyngeal esophageal sphincter opens, and the 
gas is forced out partly by retroperistalsis of the esophagus. Following the 
release of gas, the anterior pillar is again lowered to the floor of the rumen, 
the ventral coronary pillars, ventral sac, and posterior blind sae contract, fore- 
ing ingesta forward into the anterior rumen. The organ then relaxes. 

Usually, the mixing and eructation contractions of the rumen alternate, 
such that every mixing or every other mixing contraction is followed by an 
eructation contraction (55, 186). With feeding (159), or with the rise of intra- 
rumen pressure accompanying experimental insufflation (186), or the devel- 
opment of bloat (55), the frequency of eructation contractions increases, such 
that the ratio of mixing:eructation contraction ratio approaches 1:1. 

Belching normally is associated with the eructation cycle, although it has 
been reported that gas may be released on occasion during the mixing cycle 
(159). However, the amount of gas released at such times is quite small when 
measured with the quantitative techniques of Colvin et al. (58), at least during 
rest and during the initial stages of bloat (Boda, unpublished). 

The rumino-reticulum is involved in other types of reflex activity not re- 
lated to bloat, such as the regurgitation phase of rumination and the esophageal 
groove reflex. Webster and Cresswell (184) and Bell (23) have described the 
process of regurgitation in considerable detail, while Comline and Titchen (59) 
have examined the esophageal groove reflex in calves. 

Nervous control. The nervous regulation of the ruminant stomach has been 
reviewed in an excellent paper by Habel (85). Physiological studies involving 
techniques such as direct vagal stimulation or vagotomy have left little doubt 
that normal rumino-reticular motility is dependent upon a regulated flow of 
motor impulses over the vagi. This flow is conditioned by the stimulation of 
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afferents which arise, for the most part, from receptive areas of the stomach 
itself and pass via vagi and splanchnies to centers probably located in the 
medulla oblongata, where integration takes place. 

A number of sensory areas involved in the reflex regulation of rumino-reticu- 
lar motility have been located in the ruminant stomach. In a series of investi- 
gations with decerebrate sheep, calves, and goats, Titchen and co-workers (60, 
165, 176) find that reflex reticular contractions can be evoked or, when present, 
increased in force or frequency by electrical stimulation of vagal afferents, 
stretching of the reticulum, distention of the omasum, introduction of acid 
into the abomasum, and mechanical stimulation of the lower thoracic esophagus 
or abomasal mucosa. Reflex inhibition was initiated by abomasal distention, 
manipulation of the pylorus, and stimulation of the central end of the tran- 
sected splanchnic nerve. The most effective stimulus to rumino-reticular con- 
tractions was stretching of the reticulum and rumino-reticular fold. Moderate 
distention of the esophagus initiated rumino-reticular contractions or increased 
their foree or frequency when present, while greater distention inhibited pre- 
viously established contractions. Conversely, reticular stretching increased con- 
tractions of the caudal regions of the esophagus and it was suggested that the 
two thoracic esophageal sphincters are important sensory areas and that esopha- 
geal activity is normally modified by rumino-reticular activity. Ash and Kay 
(5) produced rumination in conscious sheep by mechanical stimulation of the 
anterior pillar, rumino-reticular fold, cardia, reticnlo-omasal orifice, and the 
lips of the esophageal groove; the posterior pillar, posterior portions of the 
dorsal sae and ventral sac were relatively insensitive. Hill (87) observed free 
nerve endings in regions of the rumino-reticulum corresponding to sensory 
areas described in the literature and suggests that such endings are receptors 
for rumino-reticular reflexes. Receptors located in a relatively small area 
around the cardia may be involved in the reflex excitation or inhibition of 
eructation (72). 

Centres for rumino-reticular motor responses and rumination appear to be 
located in the dorsal part of the lateral reticular formation (24) and the dorsal 
vagal nucleus (2), respectively. These centers are probably influenced by 
higher brain centers, since cortical ablation modifies the basic motility patterns, 
although they are not completely inhibited (25). Reticular activity is not 
abolished by removal of the cerebellum or by spinal transection in decerebrate 
preparations (176). 

It is probable that complex acts, such as eructation, which involve the 
coordinated and sequential activity of a number of effector systems, are made 
up of a series of interrelated reflexes, the first of which initiates the second 
and so on, final integration taking place within the central nervous system. 
A deficiency of any one of the individual reflexes could lead to a disturbance 
of the whole act and, thus, to a condition such as chronic bloat. 

Effect of dietary and blood constituents. As mentioned previously, spon- 
taneous rumino-reticular motility is greater in strength and more regular in 
calves fed roughage, compared with those fed only milk (75). The absence of 
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an immediate stimulus is apparently not responsible for this deficiency, since 
a prolonged period of roughage feeding is required to induce a roughage-type 
motility pattern in the milk-fed calf. Undoubtedly, the effector system lacks 
development, since direct vagal stimulation failed to induce a roughage-type 
response, but the data presented can not provide a basis for speculation con- 
cerning the adequacy of the rest of the reflex pathway. Whether a coarse feed 
per se, or the end-products of ruminal fermentation of such feeds (as in the 
case of rumen papillary development), are responsible for the development of 
normal motility is not known. 

Direct information on whether a coarse feed is necessary to maintain the 
normal basic rumino-reticular motility patterns also is not available, although 
on the basis of inconelusive data it has been suggested that a coarse roughage 
is necessary ‘‘. . . to maintain the tonic activity of the central pool of motor 
neurons responsible for rumen motility.’’ (57). Balch (12) reports that the 
reticular contraction rate is unaffected by feeding ground hay which reduced 
rumination. Of course, the frequency and extent of rumination is conditioned 
by the ingestion of coarse roughages (51, 164), but this reflex act is superim- 
posed upon the basic motility patterns of the rumen and reticulum. Certain 
bloat-provoking feeds such as succulent legumes will cause an increase in the 
frequency of ruminal contractions, primarily due to an increased rate of 
eructation contractions (55), but this increase is undoubtedly related to the 
rise of intrarumen pressure. It does not occur unless bloat is observed and a 
similar response can be induced by insufflation of the rumen with air at a rate 
which will increase intrarumen pressure (55, 186). 

In addition to whatever role the physical nature of the diet might have on 
rumino-reticular activity, its chemical composition could influence this organ 
either by affecting the musculature directly or by being absorbed into the sys- 
temic circulation to affect the reflex ares regulating motility. A number ot 
substances of possible dietary origin such as saponins, urea, triacin, ete., will 
partially or completely inhibit rumino-reticular motility and produce bloat 
from ruminal stasis when administered in relatively massive amounts (47). 
However, it is doubtful if such materials are released into the rumen in suffi- 
ciently high concentration under normal feeding conditions to have any 
measurable influence on motility. In a recent paper, Ash (4) reported marked 
inhibition of rumen motility following the administration of solutions of vola- 
tile fatty acids buffered at acid pH into the empty rumen; mineral acids under 
similar conditions were ineffective. Fatty acid vapors would also inhibit mo- 
tility, and since only minor changes in blood levels of hydrogen ion, carbon di- 
oxide, and volatile fatty acids occurred in this case (and since during aeid- 
inhibition vagal stimulation would produce rumino-reticular contractions), it 
was suggested inhibition resulted from peripheral stimulation of fatty acid- 
sensitive receptors in the forestomach rather than from centrai nervous effects. 
That blood levels of volatile fatty acids might have a direct effect on the center 
is suggested by the work of Le Bars ef al. (115), who obtained inhibition of 
motility following intravenous fatty acid administration, although they pro- 
posed a humoral as well as a nervous regulation of motility. 
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Certainly, experimentally produced variations of blood sugar level will 
cause changes in rumino-reticular motility. Le Bars et al. (116) and Vallenas 
(179) have observed a reduction in amplitude of rumen contractions with 
intravenous glucose injections and an increase of motility with hypoglycemia 
produced by insulin administration. Whether these effects are direct or in- 
direct, involving the release of hormones such as epinephrine, is not known. 
Kay (111) has observed rumination in sheep following epinephrine adminis- 
tration and suggested that epinephrine acts by increasing the sensitivity of 
receptors in the forestomach. 

The possible regulation of rumino-reticular motility by the end products of 
rumen digestion, possibly through the mediation of humoral agents, warrants 
investigation. 

SALIVARY FLOW 


The concept of the probable importance of saliva in ruminant digestion in 
relation to bloat was provided by the investigations of Clark and Weiss (42) 
and Weiss (185). These workers demonstrated that reflex salivary secretion 
could be induced by mechanical stimulation of the cardia, and Weiss postu- 
lated that succulent, bloat-producing legumes are ineffective in stimulating 
salivary flow. Ingesta viscosity increases and foam is formed, inhibiting eruc- 
tation, Weiss suggests, by blocking the cardia. Subsequently, salivary secretory 
rates, composition, and the regulation of salivary flow in the ruminant have 
been rather intensively investigated. 

Large amounts of saliva are secreted into the rumen; the rate cf secretion 
is conditioned by a number of factors including psychic influences, feeding, 
rumination, rumino-reticular motility, and dietary composition. Recently, sev- 
eral investigators have measured total secretory rates in cattle by collecting 
boluses at the cardia during feeding (13, 137) or by cannulating the lower 
esophagus (79, 134, 137). Balch (13) collected 43-47 lb. of saliva ot the cardia 
in cattle receiving 10 lb. of hay; 12-15 lb. of saliva were added to every 10 Ib. 
of ground concentrates and 45-61 lb. to every 10 lb. of grass. Salivary seere- 
tion rates were calculated to be 5-6 lb., 7-12 lb., and 3-5 lb. per 10 min. for hay, 
concentrates, and grass, respectively. Mendel (137) found resting (not eating 
or ruminating) secretory rates of about 50-70 ml. per minute in cattle on a diet 
of fresh alfalfa tops; rates during feeding increased to about 180 ml. per 
minute. On a chopped hay ration, resting and feeding rates were approxi- 
mately 60-80 and 180 ml. per minute, respectively. Emery et al. (79) report 
resting rates of 160-226 ml. per minute in cattle fed rations varying in hay: con- 
centrate ratio. A decrease in ratio appeared to be associated with an increase 
in secretion rate. 

In sheep fitted with unilateral parotid duct cannulae, Marston (129) col- 
lected up to 3.5 liters of saliva per day and Denton (67) reported flow rates 
of 1-4 liters per 24 hr., depending upon the composition of the ration. Bilateral 
parotid duct cannulation in two sheep gave secretory rates of 3.9 and 4.2 liters 
per hour (171). 
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Conditioning has an important influence on salivary secretion rate. Fright 
will inhibit parotid flow, a cervical sympathetic effect, while after a period of 
conditioning, the sight of food, for example, will augment flow, due primarily 
to parasympathetic motor responses (68). 

Rumination in sheep results in a large increase of parotid flow (67, 171), 
especially during the passage of the bolus through the esophagus during re- 
gurgitation and swallowing (67). Apparently, stimulation of receptors in the 
esophagus by the bolus initiates this response. Parotid secretion gradually 
declines during mastication of the bolus, reaching its lowest level just before 
the bolus is swallowed (6), while experimental distention of portions of the 
esophagus in decerebrate sheep (165) and distention associated with eructation 
in conscious sheep (67) stimulate parotid flow. 

Spontaneous contractions of the forestomach in conscious sheep (67) as 
well as those produced by stimulation of various sensory areas in the rumino- 
reticulum (60, 110) are associated with increases in parotid flow rate. Appar- 
ently, both stretch and tactile receptors are present in the forestomach and 
each type of receptor may influence both parotid secretion and rumino-reticular 
motility (110). Stimulation of the forestomach has littie effect on the flow of 
submaxillary saliva (110). For a description of reflex pathways involved in 
regulating parotid secretion, see Kay (110). 

There is some evidence, at least under certain experimental conditions, that 
salivary flow rate may be influenced by changes of intrarumen gas pressure 
(112, 150). In anesthetized sheep and calves subjected to cervical esophageal 
ligation, insufflation of the rumino-reticulum to pressures of 20 mm. Hg in- 
creased parotid flow in some animals (150). The location of the receptors in- 
volved in this response is not known. 

Whether or not end-products of ruminal fermentation normally have a 
regulatory control on salivary secretion (which, in turn, would regulate 
ruminal ingesta composition) is unknown. The observation that the introduc- 
tion of volatile fatty acids buffered at acid pH causes a transient increase in 
salivary secretion (6) suggests that further studies along this line might prove 
enlightening. 

Ruminant saliva has important functions in digestion other than those of 
wetting the food and lubrication of the bolus. Loss of parotid saliva may 
result in serious nutritional consequences from sodium depletion (67). As 
mentioned previously, saliva may play an important role in bloat. Ruminant 
saliva is alkaline, contains considerable amounts of bicarbonate and phosphate 
buffers, and serves to buffer acids produced by microbial fermentation in the 
rumen (132, 178). It contains urea and may function to conserve nitrogen by 
recycling urea to the rumen (131). 

The composition of saliva varies, depending upon the relative contribution 
of the various salivary glands, and will differ with the method of. collection. 
Denton (67) reports sodium, potassium, chloride, bicarbonate, and phosphate 
levels of 180, 10, 13, 100-140, and 10-50 meq/liter in saliva collected by parotid 
duct cannulation in sheep. Mucoprotein is absent. Saliva collected at the cardia 
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in cattle contains approximately 110 mM/liter bicarbonate, 30-50 mg.% phos- 
phate, 350-500 mg.% sodium, 20-50 mg.% potassium, 250-450 mg.% mucin 
137), 2-6 mg.% hexosamine, 5-7 mg.% urea, and 10-20 mg.% total nitrogen 
(79). Phillipson and Mangan (149) have analyzed saliva collected from the 
: parotid and submaxillary ducts and that which flows from the mouth (residual 
} saliva) in anesthetized calves. Parotid and residual saliva contained approxi- 
j mately 100 meq/liter of sodium and bicarbonate, 15-20 meq/liter cf potassium 
and phosphate, and 3-7 meq/liter of calcium. Parotid saliva nitrogen was pri- 
marily urea; residual saliva contained appreciable quantities of mucoprotein. 
Submaxillary saliva contained more mucoprotein than either parotid or resid- 
ual salivas. The major protein component of bovine saliva is a mucoprotein 
containing sialic acid (124). 

The composition of saliva secreted by any one type of salivary gland is 
also subject to various influences. Thus, inflation of the rumen of calves pro- 
duced a fivefold increase in mucoprotein content of submaxillary saliva without 
altering the concentration of other components (149). This is presumably a 
reflex response, possibly involving sympathetic nerves or the release of epi- 
nephrine which affects blood flow rate through the gland. The inorganic ion 
composition of parotid saliva varies with salivary flow rate (44, 45, 67, 69) ; 
a rise in systemic blood pressure causes an increase in the Na: K ratio, a de- 
crease in systemic flow reduces this ratio (69). Under parasympathetic stimu- 
lation, salivary flow rate is a function of blood flow through the glands (43). 
Sodium depletion in sheep causes a marked fall in sodium and a rise in potas- 
sium concentration of parotid saliva; a high sodium intake increases the Na: K 





ratio (66). This response is probably due to some local factor. It is unaffected 

| by division of the ipsilateral carotid sinus nerve, ipsilateral cervical sympa- 

thetic, or removal of the ipsilateral cervical ganglion (69). 

| It is apparent that the nutritional state of the animal and the mechanical, 

microbiological, and chemical processes of ruminant digestion can have a regu- 
latory effect on the rate and composition of salivary secretion. In turn, the 
amount and composition of saliva which enters the rumen can profoundly 
ffect these digestive processes. A more sophisticated understanding of this 

interrelationship should clarify our knowledge concerning the etiology of cer- 

; tain digestive disturbances, such as bloat, which may well result from an 

i imbalance of such interactions. 

| 

i MICROBIOLOGY OF THE RUMEN 

} In the opinion of the authors (an opinion considerebiy strengthened by 

admitted ignorance of the field), a comprehensive discussion of the complexities 

of rumen microbiology is not considered appropriate in this review. Recent 

} papers which relate directly to bloat will be considered in the section on eti- 

: ology. Those readers particularly interested in the details of rumen micro- 

i biology are directed to recent .rticles by Annison and Lewis (3) and Oxford 

i { 146). 
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ETIOLOGY OF BLOAT 


The incidence of bloat depends upon dietary components and upon the 
physiological, or anatomical, state of the animal. In other words, it is clearly 
recognized by all students in this field that: bloat occurs under specific dietary 
regimes; individuals vary greatly in their susceptibility to this disease; and, 
finally, certain animals will vary in susceptibility from time to time. We shall 
consider first, therefore, by what manner the ingested food plays a role in bloat 
production, and then take up the role of physiological mechanisms of the ani- 
mal in the expression of bloat. 


MODE OF DIETARY INFLUENCE ON OCCURRENCE OF BLOAT 


Experimental production of bloat. As mentioned in the introduction, until 
recently one has not been able to define the essential dietary conditions of bloat 
production sufficiently accurately to induce the condition at will. Now, acute 
bloat on legume pastures and in the feed!»t have been readily produced in a 
number of laboratories (16, 51, 106, 121, 122, 169). The reader is referred to 
the original papers for details on the procedures employed. Generally speaking, 
acute bloat on legume pasture requires relatively pure stands of immature 
legumes under optimal environmental conditions for rapid growth. Occasionally, 
bloat will occur with stands containing 50% or more grasses. We have observed 
instances, for example, where animals will selectively ingest succulent legumes 
in a grass-legume mixture in poorly managed pastures where the grasses be- 
come stemmy and unpalatable. Johns (personal communication) reports that 
occasionally bloat occurs in New Zealand on stands comprised of 70% grasses 
and 30% legumes. 

Acute bloat is readily produced by stall-feeding of alfalfa tops (30, 53, 96, 
106, 135). Sometimes bloat occurs when the entire plant is harvested (green- 
chopping) and fed under dry lot conditions (unpublished). 

Feeding of certain diets consisting of concentrates alone will result in acute 
bloat (136). On the other hand, a ration of rolled barley supplemented with 
protein, vitamins, and minerals is accompanied with little or no evidence of 
bloat (Lofgreen, unpublished). 

Rations devised for producing bloat in the feedlot have consisted of concen- 
trates with a relatively small amount of legume roughage (120, 122, 169). Sub- 
acute bloat has been shown to be influenced by fine grinding of legume roughage 
(49, 135). 

Plant types and the incidence of bloat. Though a few not too well docu- 
mented instances of bloat on succulent grasses have been reported, pasture 
bloat usually has been attributed to the presence of legumes. Bloat frequently 
oceurs on legume-grass mixtures in the fall, when the growth of the grasses 
declines (151). Few well controlled studies on species or strain differences in 
legumes are available. Troughton (177) reported differences in the bloat-pro- 
ducing capacity of three white clover strains in a clover-perennial rye grass 
mixture. However, the percentages of clover in the three pastures were differ- 
ent and the pasture producing the greatest amount of bloat contained the highest 
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percentage of clover. He postulated, from his observations, a relationship be- 
tween the P content of the soil and the amount of bloat, but Jackson et al. 
(89, 92) could not confirm this. 

Johnston et al. (109) report more bloat on Ladino than on white clover. 
Bloat was especially severe during a period of higher minimal air temperature, 
presumably because of more rapid growth. 


CHEMICAL CONSTITUENTS OF LEGUMES RESPONSIBLE FOR BLOAT 


Pressed juices from fresh legumes. Acute bloat has been produced by the 
oral or intraruminal administration of pressed juice from freshly cut alfalfa 
(27, 28, 81, 123, 141) or from freshly cut clover (142, 147). Such juices, of 
course, contain many substances. Ferguson and Terry (81) have fractionated 
this juice in an attempt to obtain more specific information on the responsible 
constituents ; fractionation of alfalfa juice by heating to 60° C. and subsequent 
removal of precipitated chloroplastic material, by treatment with Norite or 
with 75% ethanol did not reduce its bloat-provoking capacity. It is possible 
that these treatments removed not only some of the foam-producing substances 
but also some of the foam-inhibiting substances (102, 128). 

Proteins. Cytoplasmic proteins, in the opinion of Mangan (126), are of 
major importance in causing foaming of rumen ingesta. This view receives 
some support in that cows on a ration of dehydrated alfalfa drenched with 
four liters of fresh egg white bloated moderately (31). On the other hand, 
Allen et al. (1) report that the addition of egg white to alfalfa did not influ- 
ence the bloat pattern, but they provide no information on the amounts ad- 
ministered. Clearly, factors other than proteins are involved, inasmuch as 
certain grass in early stages of growth (which rarely produce bloat) are also 
high in protein. In accord with the view of Mangan, legume proteins, in the 
opinion of the writers, are important etiological factors. 

Saponins. No doubt saponins play a role in the foaming of ruminal ingesta 
and, thus, in the production of bloat. Lindahl et al. (119) produced bloat by 
administering saponins. However, dosages used by these workers will produce 
death without bloat if the animal is not fed before treatment (56). The toxic 
effects observed following the administration of saponins have not been reported 
in animals bloating on legumes. Legumes contain larger amounts of saponins 
than do grasses (174). Jackson and Shaw (90) report that the substance in 
legumes which inhibits muscle respiration is a saponin and that the presence 
of this substance ‘‘. . . is associated with the occurrence of bloat in cattle.”’ 

Barrentine (15) found no relationship between the saponin content and the 
bloat potential of Ladino clover, crimson clover, hop clover, alfalfa, or lespedeza. 

Plant lipids as antifoaming agents. That legumes contain both antifoaming 
and foaming substances is a relatively new concept which was developed follow- 
ing the discovery concerning the effect of fats and other foam-dispensing agents 
on foaming of ruminal ingesta (102, 126, 127, 128). Mangan et al. (128) found 
ruminal liquor of penicillin-treated animals to have poor foam stability before 
and strong foam stability after centrifuging. This result is explained as being 
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due to the throwing down of the lipid-carrying chloroplasts. In their view, 
penicillin reduces bloat, in part at least, by inhibition of bacteria which modify 
chloroplast lipid. Thus, the antifoaming activity of rumen liquor is main- 
tained and bloat is prevented. This hypothesis presents a new concept on the 
mode of action of penicillin in bloat. To what extent bacterial breakdown of 
chloroplast lipids influences the occurrence of bloat is unknown. 

Other legume chemicals and bloat. Conrad et al. (62) report a correlation 
between the concentration of pectic substances in legumes and bloat. Contrary 
to an earlier expressed opinion of Quin (152) and of Rosen et al. (162), pre- 
liminary studies by Mangan and Johns (127) failed to show a distinct corre- 
lation between either soluble sugars or organic acids and bloat. Wilkins (188) 
did not find marked differences in the carbohydrate content of rumen ingesta 
from bloating and nonbloating cows pastured on alfalfa or Ladino clover. 
Mangan and Johns (127) found the dry matter of bloat-inducing legumes 
lower than in herbage not producing bloat. Beinhart (21) studied the influence 
of temperature and light intensity upon the organic acid composition of white 
clover. Bailey (7-10) has made extensive chemical studies on legumes and 
grasses. Allen et al. (1) found no relationship between the diurnal variation 
in chemical composition of alfalfa and the incidence of bloat. 


EFFECT OF ADDED CHEMICAL SUBSTANCES ON THE INCIDENCE OF BLOAT 


Feedlot bloat has been increased by the addition of crude soybean oil (77). 
This is surprising, in view of the widely accepted use of vegetable and plant 
fats in bloat prevention on legume pastures. Leffel and Doetsch (117) produced 
a stable foam by the in vitro and in vivo mixing of rumen fluid and gelatin. 

Allen et al. (1) report an increased incidence of bloat following foliar 
spraying of alfalfa with urea, glucose, or calcium carbonate. Potassium carbon- 
ate had no effect. Nichols et al. (145) determined the in vitro and in vivo 
effects of several surface active agents and report good foam control with 
lecithin products. 


INFLUENCE OF INGESTED HERBAGE ON FOAMING 


In early studies in our laboratory, free gas was repeatedly found in bloated 
cows on alfalfa pasture by tapping the rumen with a trocar cannula. Errone- 
ously, the bloat was classed as the free-gas type. This point was not clarified 
until an animal succumbed from bloat and the rumen was slit open with a 
knife (30). Large amounts of free gas escaped first, followed by voluminous 
amounts of foamy ingesta. Studies since that time confirm the presence of both 
free gas and foam in animals bloating on succulent alfalfa. 

The evidence at hand indicates that foaming of ruminal ingesta is a constant 
feature of acute bloat, either on legume pasture or in the feedlot. The extent 
of the foaming varies both with the diet and with the animal (137). In other 
words, foaming of rumen ingesta of animals on identical diets may vary widely. 


According to Hungate et al. (88), the extent of foaming of ruminal ingesta 
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of animals fed a given sample of clover can be predicted by fermentation of 
the fresh clover juice with prefeeding ingesta. 

On the basis of foam stability and pH studies, Johns, Mangan, and Reid 
(102) indict cytoplasmic proteins as the chief offender in foam production. 
According to Wallace (181), the coating of the bubbles is rich in lipids. Conrad 
et al. (61) suggest, ‘‘. . . that the combined effects of the physical structure 
of green alfalfa fiber, pectic substances of alfalfa plants, galacturonic acid 
obtained on hydrolysis of pectic substances, and reducing sugars normally 
present are capable of causing the formation of stable foam found in pasture 
bloat.”’ 

Jacobson et al. (94) found an increase in volatile fatty acids in the rumen 
fluid of animals on a bloat-producing diet, but they make no attempt to relate 
this change to the foaming characteristics of the ingesta. 

Most investigators consider foaming to be the most important factor influ- 
encing expulsion of gas and, therefore, the incidence of bloat. The writers are 
inclined toward this viewpoint, but suggest it would be unwise to neglect 
study of other possibilities, especially the neuromuscular activities associated 
with eructation. 


EFFECT OF THE PHYSICAL NATURE OF INGESTED HERBAGE ON BLOAT 


Lack of sufficient scabrous material in the rumen to induce the reflex act 
of eructation was suggested by Cole et al. (50) as the chief etiological factor 
in bloat. The failure of eructation, rather than excessive gas formation, as the 
basie cause of acute bloat has been confirmed in many laboratories, but foaming 
is currently believed, as mentioned above, to account for inefficient expulsion 
of gas. Colvin et al. (55) noted an increased rate of eructation contractions 
of the rumen coincident with a reduced frequency of eructations in bloated 
animals. These authors suggest occlusion of the cardia by froth as the cause 
of gas retention, a point of view earlier proposed by Quin (152). Rather than 
a physical occlusion, a stimulation of sensory fibers by the froth which inhibits 
the reflex relaxation of the esophageal sphincters has been sugested by Dougherty 
et al. (72). Damaging to the view that the eructation reflex fails because of 
lack of scabrous material is the finding that eructation readily occurs follow- 
ing dispersion of the foam by oil (52, 53, 96). 

Williams (189), contrary to most investigators, reports the absence of 
ruminal eructation contractions in two eases of frothy bloat. 

Lindahl, Dougherty, and Davis (123) note a disturbance in normal ruminal 
motility following intraruminal administration of alfalfa saponins to sheep. 
However, the symptoms observed are dissimilar to those seen after ingestion 
of legumes, probably because saponins are not normally released in amounts 
comparable to those administered. 

The influence of scabrous materials, Weiss (185) suggests, is mediated by 
reflex salivary secretion which inhibits frothing. According to Mendel (137), 
nonbloaters secrete greater quantities of saliva than do bloaters. Scabrous 
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materials likewise induce rumination (164) and thus increase salivary flow 
(67, 171). 

Rate of salivary flow, as influenced by scabrous materials, may well explain 
the bloat-preventive properties of grass hays. 

Fine grinding of the feeds may influence the incidence of bloat by virtue 
of more rapid fermentation, by its influence on salivation, by varying the 
microflora, or, less likely, by lack of normal stimulus for the eructation reflex. 
The latter interpretation was postulated by Cole and Mead (49). Further 
studies are needed in this area, as it is of interest especially in light of modern 
feed milling procedures. 

Lindahl and co-workers (122) found pelleting decreased the incidence of 
bloat in certain animais. Conceivably, pelleting may slow down the rate of 
fermentation. 


EFFECT OF INGESTED HERBAGE ON GAS PRODUCTION 


Ruminal gas production may be as high on nonbloating as on bloating rations 
(50). This is not to say that the rapidity or amount of gas formed has no 
influence on the incidence of bloat. Contrarily, more gas is formed from alfalfa 
per unit fresh weight than from Sudan grass or oat hay (48, 55). Almost 
certainly, the problem of gas expulsion increases as greater volumes are 
produced. 

Gas production is placed in its proper perspective in regard to the etiology 
of bloat, however, by the fact that a diet of alfalfa tops and oat hay produced 
more gas than tops alone, even though bloat was manifested only when tops 
alone were fed (55). 

Colvin et al. (58) developed a procedure whereby the amount of gas ex- 
pelled at each eructation could be determined. Using this technique, it was 
possible to show that oat hay increased both the rate of eructation and the 
amount of gas expelled when fed in conjunction with alfalfa tops (55). Ae- 
eording to Conrad et al. (61), the initial rapid gas production depends upon 
substances associated with the fiber. Purified pectin, crude pectin, glucose, 
and galactase increased gas production when added to washed alfalfa fiber, 
with hydrolyzed fiber having the most marked effect. 

Hungate et al. (88) measured fermentation rates in vitro of ingesta of 
bloated and nonbloated cows collected before or 2 hr. after feeding. Ingesta 
before feeding from the two types of animals showed no differences in rate of 
gas production. Gas production was greatest from the ingesta of bloated ani- 
mals after feeding. Addition of nonvolatile organic acids to ruminal contents 
inereases COs production (144). 


Rosen, Fassel, and Nichols (162) noted gas bursts when alfalfa press juice 
or extracts of alfalfa hay were added to bovine rumen liquor. Similarly pre- 
pared extracts from grasses caused smaller bursts. Bloat-producing capacity 
of alfalfa hay, the authors suggest, may result from a relative abundance of 
substrate available for microbial decarboxylation and the consequent release 
of COs which becomes trapped in froth due to saponins and colloids. 
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INGESTED HERBAGE AND TOXIC FACTORS IN BLOAT 


Though highly toxic extracts have been prepared from legumes—saponins 
are a typical example—convinecing evidence, in the opinion of the writers, is 
lacking that toxic materials are released from ingesta sufficiently rapidly to 
play a significant role in the etiology of bloat. 

Parsons et al. (147) administered 4 lb. of juice from Ladino clover known 
to produce bloat to a mature ewe. Acute bloat and death occurred within 11 min. 

Shaw and Jackson (166) obtained extracts of dried Ladino clover which 
reduced the motility of rat intestine and the Os consumption of rat diaphragm. 


EFFECT OF INGESTED HERBAGE ON MICROFLORA AND SLIME PRODUCTION 


Hungate et al. (88) suggested bacterial slime production as a factor in 
frothing of rumen ingesta. Rumen ingesta from bloating animals, Mah and 
Hungate (125) report, contains greater numbers of protozoa belonging to the 
genus Ophryoscolex than the ingesta of nonbloating animals. Gutierrez et al. 
(84) and Davis, Gutierrez, and Lindahl (65) isolated saponin-digesting bac- 
teria which produced copious slime when incubated with saponin extracts. 
Bryant et al. (38) did not, however, detect differences in the number and type 
of bacteria cultured from ingesta of bloating or nonbloating cattle. 

Jacobson et al. (93) obtained a high correlation between the percentage 
of encapsulated organisms and the incidence of feedlot bloat. 

Further studies are necessary before one can assess the view that suscepti- 
bility to bloat depends upon a unique microbial population. 


INFLUENCE OF PHYSIOLOGICAL FACTORS 


Inheritance of bloat susceptibility. Knapp et al. (113a) provided the first 
evidence for the inheritance of physiological traits which make ruminants 
susceptible to bloat. Similarities between identical twins and differences be- 
tween sets of twins confirm this finding (96). We have no information, however, 
as to whether one could select for nonsusceptibility without selecting for 
undesirable traits. Furthermore, such selection would need to be done with 
great caution, as some animais vary in their susceptibility in different seasons 
or in different portions of the same season (99, 138). 

Salivation. As mentioned above, scabrous feeds may have an influence upon 
salivation not only during the period of ingestion but also during rumination. 
Beyond this, Mendel (137) has shown that bloaters have a lowered salivary 
rate both during rest and during ingestion of feed. MceGilliard et al. (134) 
and Cunningham (64) found that his method of collecting saliva from the 
cardia influenced the rate of flow. Cunningham’s collection method (63) was 
previously described. The possibility of this occurring in Mendel’s experi- 
ments can not be ruled out but, from a comparative standpoint, this would 
not appear to be important. If saliva depresses frothing, as Weiss (185) sug- 
gests, a logical explanation for susceptibility to bloat is provided. 

Blake, Allen, and Jacobson (26) attempted to test the influence of saliva 
on the surface tension of ruminal ingesta. The addition of one part of saliva 
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to 12 parts of ruminal fluid had very little influence, but this amount of saliva 
may have been inadequate. Bartley (20) and Van Horn and Bartley (180), 
on the other hand, report release of gas from frothing rumen contents by the 
addition of saliva. 

Ingesta composition. Emery et al. (78) report higher values for nitrogenous 
and lipid compounds in the ruminal fluid of bloated as compared to nonbloated 
cows. No significant differences in the saponin content (15) or in organic acids 
(173) were found. 

Hartman et al. (86) replaced the ingesta of a bloating animal with that of 
a nonbloater, but this produced only a transitory effect upon bloat susceptibility. 

Brown et al. (35) report higher phosphorus levels in the rumen ingesta of 
bloating as compared to nonbloating animals. Johns et al. (102, 103) reported 
that pH of ingesta must drop below pH 6.3 before bloat on legume pasture 
would occur. Later, this was not confirmed (Johns, personal communication). 
Mendel (137) also was unable to show this relationship. Blake, Jacobson, and 
Allen (28) noted a drop in pH in animals bloating following intraruminal 
administration of alfalfa juice. On the other hand, Hartman et al. (86) pro- 
duced bloat at an elevated pH of ruminal ingesta by adding 200 g. of NasCOs 
to the rumen. 

The evidence is clear that ingesta of bloating animals is more frothy than 
that of nonbloaters on identical rations (55, 137). This means there must be 
differences in the ruminal ingesta. To say that the difference depends upon 
the microflora is only evading the issue, for if the animals are on identical diets 
it would appear that the population of microflora should be similar unless 
there are differences in the ruminal environment, either chemical or physical. 
What would account for these differences? 

Differences in salivary flow are one possibility—either basic hereditary dif- 
ferences or variations in flow dependent upon the scabrous nature of the diet. 
The rate of passage of materials through the rumen and reticulum also may 
influence the composition of ingesta. Individual differences in this character- 
istic, one would presume, would be dependent upon motility of the musculature 
of these compartments and, as mentioned below, such differences have not been 
clearly shown. 

If the rate of exchange between the rumen and the blood varied in different 
animals, this could explain individual differences in composition of ruminal 
ingesta. No information is available to substantiate such a view. Only further 
work ean elucidate the cause of the individual differences found in the frothing 
of ruminal ingesta. Currently, the evidence favors variation in salivary flow 
as an explanation. 

Rumen motility and the eructation mechanism. The possible influence of 
the diet on the motility pattern has been considered in a preceding section. 
Whether differences in individual susceptibility to bloat can be explained on 
the basis of differences in the efficiency of the eructation mechanism, including 


rumen contraction, as suggested by Cole et al. (50) is not known. Mendel’s 
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(137) evidence is suggestive of stronger ruminal contractions in nonbloaters. 
Current evidence, however, points to differences in the chemical or physical 
nature of the ingesta as the predominant factor in determining individual 
susceptibility to bloat. 

Blood components. Brown et al. (34, 35, 36) determined levels of phos- 
phorus, ammonia nitrogen, urea, and blood pigments in approximately 200 
samples from bloat-suseceptible and nonsusceptible animals. Plasma inorganic 
phosphorus was found to be significantly higher in bloated animals. Jackson 
et al. (91, 92) found higher blood cholesterol values in cattle pasturing on 
alfalfa than on blue grass. A direct correlation was found between cholesterol 
levels and the severity of bloat. In vitro inhibition of muscle respiration by 
a fraction of the forage was found to be correlated with the bloat-producing 
capacity of the forage. These authors noted no effects of pasturing on plasma 
levels of ascorbic acid or on red-cell cholinesterase activity. 

Moore and Dracy (140) found no differences in methemoglobin or in total 
hemoglobin between bloated and nonbloated animals. 

The significance of these blood studies in relation to the etiology of bloat 
is at present obscure. 


PREVENTION OF BLOAT 


Several methods of bloat prevention including supplemental feeding of 
grass hays or pastures, legume soilage, the use of grass-dominant pastures, and 
strip grazing were adequately discussed by Cole and Colvin (46). Since little 
additional information on such methods is available, these will not be considered 
in detail here. The effectiveness of supplementing legume pasture with oat 
hay, however, deserves mention (54). Two new methods, the use of antibiotics 
and the use of oils from plant or animal sources, have received wide attention 
over the past several years. 


BLOAT ~REVENTION WITH ANTIBIOTICS 


Barrentine et al. (17, 18) first proposed the use of antibiotics for prevent- 
ing acute bloat and reported that single, oral doses of 50-75 mg. of procaine 
penicillin (in the latter report, 100 mg. and above) would prevent bloat for 
one to three days in steers grazing Ladino clover. A number of other anti- 
biotics including chlortetracycline, oxytetracycline, bacitracin, and _ strepto- 
mycin were ineffective. These investigators also reported free choice feeding 
of salt containing 800 mg. procaine penicillin per pound would provide prac- 
tical control of legume bloat (19). That penicillin will reduce the incidence 
and severity of bloat within certain limits has been adequately confirmed (80, 
98, 100, 102, 106, 157). However, some animals receiving penicillin continue 
to bloat, and its effectiveness declines within about 2 wk. as the animals become 
refractory to the antibiotic (105, 106, 108). A combination of antibiotics such 
as penicillin and erythromycin may control bloat for a longer period of time 
than when fed alone or in rotation but, even then, effectiveness declines after 
3 to 4 wk. (107, 108). Doses of 200-500 mg. procaine penicillin every third 
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day for periods of from 15 days to 5 mo. had no adverse effects on cow weight, 
yields of milk, butterfat, or solids-not-fat, or on iodine value, saponification 
value, softening point, Reichert value, carotene or vitamin A content of 
butterfat (104). 

Apparently, penicillin prevents bloat by affecting ruminal fermentation 
rate and, thus, gas production, and probably by inhibiting some bacterial 
process involved in the formation of intrarumen foam. Johns, Mangan, and 
Reid (102) report that penicillin slows fermentation rate, with a resultant 
leveling off of gas production and the accumulation of soluble sugars and 
proteins in the rumen ingesta. In studies with identical twin cattle, Mangan, 
Johns, and Bailey (128) found that in vitro foam expansion and stability of 
rumen liquor from penicillin-treated animals were very low in spite of a high 
concentration of soluble protein. However, following centrifugation, the treated 
samples exhibited high foam strength and expansion. The implication is that 
centrifugation removes a strong antifoaming agent, leaving the soluble protein 
to exert its effect. It was suggested that the antifoaming agent is contained in 
the plant chloroplasts and that penicillin prevents bloat by inhibiting some 
undetermined microbial action on chloroplast fat. The penicillin-sensitive micro- 
organisms invloved in this action await identification. Jacobson, Wiseman, and 
Miller (95) could not find pronounced changes in numbers of paracolon bac- 
teria, lactobacilli, or streptococci in rumina of penicillin-treated cattle. 

In vitro assays showed that lactobacilli and streptococci from treated ani- 
mals were sensitive to low concentrations of penicillin and since the paracolon 
bacteria would grow in relatively high concentrations of penicillin, these 
authors suggested that this latter group might inactivate penicillin, thus per- 
mitting numbers of penicillin-sensitive bacteria to remain unchanged following 
antibiotic administration. Apparently, detectable amounts of penicillin disap- 
pear from the rumen about 4 to 6 hr. after administration (128). Smith et al. 
(168) have isolated a penicillinase of microbial origin from the rumina of 
penicillin-treated cattle which may be responsible for this effect. 


BLOAT PREVENTION WITH ANTIFOAMING AGENTS 


The use of antifoaming agents for bloat prevention in stall-fed and pastured 
animals has been extensively investigated (32, 37, 53, 105, 106, 156, 160). In 
general, with certain limitations, various mineral and vegetable oils and ani- 
mal tallows are very effective, whereas silicone preparations and detergents 
are less reliable. Surprisingly, such materials are not effective in preventing 
feedlot bloat and, in fact, may increase the incidence of this condition (77). 
Fat intakes of approximately 50-100 g. per head will prevent bloat for about 
3 hr. in eattle fed bloatable legumes. At such levels vegetable and animal 
fats will not affect milk yield, butterfat percentage, or the chemical properties 
of butterfat (133). In fact, such agents will increase the consumption of 
bloatable herbage and would be expected to inerease production in some 
circumstances (53, 160). 

Fats and oils disappear quite rapidly from the rumen and, thus, their 
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effectiveness in preventing bloat is limited to about 3 hr. after administration. 
From the standpoint of application, this does not present a problem where the 
agent can be added directly to the forage as in soilage operations or when 
pasturing on bloat-provoking legumes can be restricted to a 2- to 3-hr. period 
after feeding concentrates containing oil or tallow. However, when animals 
must be pastured for longer periods, procedures must be devised either to 
prolong their effectiveness within the rumen or to provide the antifoaming 
agent at appropriate intervals throughout the pasturing period. Reid and 
Johns (160) have attempted to reduce the rate of oil loss from the rumen by 
using inert carriers without success. Until a palatable, long-lasting agent is 
found, it will be necessary to provide oil periodically to pastured animals for 
effective bloat control. 

Attempts have been made to control bloat by adding antifoaming agents 
to the drinking water with only partial success (37, 157). A major reason for 
the unreliability of this method is that drinking pattern, and thus oil intake, 
varies greatly from animal to animal and from day to day. In fact, when 
forage is succulent or wet, conditions when bloat often occurs, water consump- 
tion from troughs may be practically nil (157). Spraying of bloatable pastures, 
in conjunction with strip grazing to insure ingestion of sprayed forage, with 
emulsified peanut oil or tallow, has provided effective and practical control in 
New Zealand (101, 154, 156, 157, 158). At the levels normally used, there is 
little or no damage to forage or to subsequent pasture growth (156). 


It is hoped that the preceding discussion will emphasize the limitations of 
current procedures for controlling bloat. A number of methods including the 
supplemental feeding of coarse roughages, the maintenance of grass-dominant 
pastures, the use of antibiotics or antifoaming agents will be effective only if 
certain well-defined conditions are met. For example, both coarseness and 
palatability are important in selecting a supplemental roughage for bloat 
control. If poor palatability limits intake, a very coarse material will be in- 
effective and a hay lacking coarseness has little effect, regardless of the amount 
consumed. A grass-dominant pasture will prevent bloat only if the grasses 
are palatable and are consumed in sufficient quantities throughout the pastur- 
ing period. Furthermore, the legumes may become dominant at certain seasons, 
as was found true by Pratt et al. (151) in an alfalfa-Ladino-bromegrass pas- 
ture. Antibiotics will reduce the severity and incidence of bloat, but only for 
a limited period ; antifoaming agents are not reliable unless they are maintained 
at appropriate concentrations within the rumen through periodic administration. 

The current tendency of many semipopular and popular articles to recom- 
mend certain procedures for bloat control without defining the limitations of 
the procedures is to be deplored. Under specified conditions, all of these pro- 
cedures are effective; the method of choice will depend upon a number of 
factors. In areas where an abundance of high quality grass hay is available, 
this approach to bloat control deserves consideration. In areas where bloat is 
a problem for only limited periods, the use of antibiotics may be preferred. 
If soilage is practiced, vegetable or animal fats sprayed on the herbage seem 
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to be highly effective. Spraying of vegetable or animal fats on to strips of 
legume pasture has been the most popular method in New Zealand, where grass 
hays are not readily available, the bloat season is relatively long, and soilage 
is not widely used. 
TREATMENT 

The most reliable method of treating subacute, legume bloat is the intra- 
rumen administration of antifoaming agents. Controlled investigations on the 
effectiveness of such agents have been conducted only during the past few 
years, although surface active compounds have been advocated for this purpose 
on an empirical basis for at least 150 yr. (97). Jehns (96) tested the ability 
of a number of substances including epinephrine, an antihistamine, a com- 
mercial silicone preparation, turpentine, mineral and vegetable oils to relieve 
bloat in cattle fed red clover, and concluded that only those materials with 
antifoaming properties were effective. Subsequently, the practicability of such 
materials, particularly animal and vegetable oils, in treating subacute, legume 
bloat has been confirmed by several investigators (29, 101, 106). Intrarumen 
administration of these agents either by stomach tube, drenching, or injection 
through the paralumbar fossa quickly induces belching by breaking down the 
intrarumen foam. Antifoaming agents do not seem to be reliable in treating 
feedlot bloat (121). In most cases of severe acute bloat, time does not usually 
permit treatment with antifoaming agents and rumenotomy is the method of 
choice (71, 101). 

SUMMARY AND CONCLUSIONS 


Some advances on the physiology of the rumen and related structures. 

1. Several refined methods are now available for study of rumino-reticular 
motility. 

2. The development of normal rumen motility necessitates the presence of 
roughage in the diet. Is this effect dependent upon the physical nature (scab- 
rousness) or the chemical composition of roughages? 

3. The usual motility pattern consists of a mixing contraction, initiated in 
the reticulum and sweeping posteriorly, followed either after each mixing 
contraction or after every second mixing contraction by an eructation contrac- 
tion which moves the pocket of free gas anteriorly to the cardia. Sequentially, 
sphincters of the esophagus actively dilate to complete the act of eructation. 

4. Motility of the rumen and reticulum is not myogenic; rather, it depends 
upon efferent impulses. The chief afferent limb of the reflex are involves fibers 
with receptors in the wall of the rumen and associated structures. The centers 
for rumino-reticular motor responses presumably lie in the lateral reticular 
formation and in the dorsal vagal nucleus. 

5. Salivary flow is increased by seabrous feeds. Individual differences in 


flow rate have been observed. 


Advances in the etiology of bloat. 


1. All workers are agreed that the occurrence of bloat depends upon both 
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the nature of feed ingested and the physiological condition of the ruminant; 
Johns refers to plant and animal factors in the etiology of bloat. 

2. Most workers now subscribe to the view that excessive foaming is the 
primary factor which prevents normal eructation. Possibly, foam stimulates 
sensory fibers which inhibit eructation. Opinion is divided concerning the 
factors responsible for foaming: some subscribe to the view that lack of seabrous 
materials in succulent legumes reduces salivary flow—saliva presumably in- 
hibiting foaming—and, further, that basic individual differences in salivary 
secretion account for individual susceptibility to bloat; others propose that 
the absence, or slowness of release, of antifoaming, lipid-carrying chloroplasts 
allows foam to form. Opinion is divided as to what chemical substances cause 
foaming; though a strong case can be made for legume proteins, several other 
substances have been suggested as playing a role—saponins and pectic sub- 
stances, for example. 

3. Rate of gas production, though not a primary etiological factor, is 
obviously involved. If no gas is produced, the animal does not bloat; the greater 
the gas production, the more accentuated the bloat condition upon failure of 
the eructation mechanism. Ingestion of equal amounts of legumes, as com- 
pared to grasses, will result in the early formation of larger amounts of ruminal 
rases. 

4. Evidence is available to indicate unique microbial populations in ani- 
mals bloating on legumes. The characteristics of the microflora depend upon 
little-known dietary influences. 

Prevention of bloat 

In the opinion of the authors, the following methods are effective in bloat 
prevention if specific recommendations are carefully followed: 

1. Use of legume-grass pastures in which grasses predominate. Care must 
be taken to maintain palatability of grasses by clipping. If, in certain seasons, 
the legumes predominate, bloat can be controlled by supplemental feeding of 
good quality grass hay. 

2. Supplementing legume pasture with high quality grass hays. Only Sudan 
and oat hays have been tested under controlled conditions. For lactating dairy 
cows, it was found essential to give free access to good quality grass hay during 
the night previous to pasturing. 

3. Legume soilage. Cutting legumes such as alfalfa and feeding in the 
corral will reduce bloat as compared to pasturing the same fields. The soilage 
should, however, be supplemented with grass hay—in most instances 3-5 lb. 
of grass hay will suffice. 

4. Where control measures are needed for short periods of time, antibiotics 
have proven useful. The antibiotics may become ineffective after 2 wk. of usage. 

5. Antifoaming agents such as plant or animal fats are effective in bloat 
prevention. Fifty to one hundred grams per cow before pasturing will prevent 
bloat for about 3 hr. on bloatable legumes. Unfortunately, this procedure neces- 
sitates limiting the pasturing period or feeding the fat two or three times daily. 
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In New Zealand, bloat is effectively controlled by spraying strips of legume 
pasture with oil or emulsified tallow before pasturing. Spraying soilage with 
oil has proven to be highly effective in bloat prevention. 


Treatment 


Treatment of bloat has seldom been approached on the basis of controlled 
experimentation. The following procedures have been found, however, to be 


useful : 


1, 


Administration by drench, stomach tube, or direct rumen injection of 


antifoaming agents. Animal and vegetable oils are especially desirable because 
they are nontoxic and well dispersed. This procedure may not be useful in 


severe Cases. 


9 


3. 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


Releasing the gas with a trocar-cannula or by stomach tube. 


If the above procedures fail, rumenotomy may be performed. 
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MEASURING SELECTIVE GRAZING WITH FISTULATED STEERS ? 


*. L. LESPERANCE, E. H. JENSEN, V. R. BOHMAN, ann R. A. MADSEN? 


Departments of Animal Husbandry and Plant Science, University of Nevada, Reno 


SUMMARY 


Four grazing trials were conducted during 1958, with three on a Kentucky bluegrass— 
white clover pasture and the other on a tall feseue—Ladino clover pasture. Steers with 
either rumen or esophageal fistulas were used to sample the forage at two- to three-day 
intervals. Selective grazing was exhibited on the pasture studies. Botanical analysis 
indicated in all cases that grass increased in the grazing animal’s diet as the period 
progressed and, conversely, clover decreased. Protein decreased and crude fiber in- 
creased in fistula samples, with respect to time, even though the chemical composition 
of clipped samples remained fairly constant. The compositioa of fistula samples failed 
to agree with the composition of samples hand-harvested from under cages the same day. 





In pasture investigations, the researcher is frequently interested in the 
quality and quantity of forage consumed by the grazing animal. Many methods 
have been developed in attempts to determine the diet of the grazing animal 

6, 7, 9, 14, 15, 17, 21, 22) ; however, a majority of these methods are indirect 
and consist of some type of measurement of grazed forage through the use of 
cages or some other technique for comparing grazed and nongrazed pasture. 
More recent developments using indicators (4, 8, 25, 26) to determine the 
quality and quantity of forage consumed are vastly superior; however, these 
methods, as well as the more indirect methods utilizing the cage, can not dupli- 
cate the actual diet of the grazing animal, because they do not take into account 
the ability of the animal to graze selectively. An application of these indicator 
methods is illustrated in papers by Hardison ef al. (11) and Reymond ef ai. 
(24) and related to selective grazing by measuring the differences between the 
digestibility of hand-harvested and grazed forages. 

Many investigators in recent years have felt that the only practical means 
of pasture investigation was through the use of the animal itself to sample 
pasture or range forage (1, 16). The esophageal fistula as developed by Torell 
27) and modified by Cook et al. (5) employs this principle with sheep. Initial 
work by Bath (3) indicated that only ash increased in fistula-collected samples 
of hand-harvested feed. More recent work (19, 29) has shown that other changes 
oceur through fistula sampling. Esophageal-fistulated sheep have been used in 
a number of recent pasture and range investigations (12, 13, 28) as biological 
sampling agents and to measure selective grazing. 

The objective of this study was to determine if selective grazing occurred, 
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as measured by changes in botanical and chemical composition of ingested 
forage by fistulated steers. 


EXPERIMENTAL PROCEDURES 


Four individual pasture studies were conducted during 1958. The first 
three were on a uniform Kentucky bluegrass—white clover pasture of 1.2 acres 
in size and the fourth was on a 1.75-acre tall feseue—Ladino clover pasture. 
Fistulated animals were placed on the pasture one day in advance of sampling 
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Fig. 1. Photomicrograph of fistula samples. Upper photo shows grass only, whereas 


lower photo shows a mixture of grass and legumes. (Modification 3X) 
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and left on the pasture during the remainder of the trial. Both rumen- and 
esophageal-fistulated animals were used in this study. The grazing period 
varied from ten to 21 days, as was typical of rotation grazing under the con- 
ditions studied. 

Ail fistula collections were made similarly to the methods deseribed by 
Lesperance et al. (19). One-half of the fistula sample was used for chemical 
analysis ; the other portion was preserved for botanical analysis. The botanical 
composition was determined as follows: Ten small grab samples were taken 
at random from a collected sample. Each sample was floated in a Petri dish. 
The Petri dish was placed on a white background with ten parallel lines marked 
at equal distances on it. A binocular dissecting microscope, with a dot on one 
lens, was used at low power. The edge of the Petri dish was placed on the first 
line and any botanical material lying under the dot was identified and recorded 
(Figure 1). The Petri dish was then moved to the next line and another ob- 
servation was made. This process continued until ten observations had been 
taken on each Petri dish. Botanical material was recorded as either grass or 
broad-leaved plants. This point system, a modification of Levy and Madden’s 
(20) point method of pasture analysis, gave 100 observations on each collected 
sample. Limited cage samples of ungrazed forage were harvested at the middle 
and end of each grazing period. In addition, a harvest was made at the be- 
ginning of the tall feseue—Ladino clover trial. 

Dry matter, ether extract, protein, ash, and calcium were determined by 
official methods (2). Nitrogen-free extract (NFE) was determined by differ- 
ence. Samples were digested for phosphorus and calcium determinations with 
the method of Gerritz (10). Phosphorus was determined colorimetrically (18). 
Energy determinations were made with an adiabatic type oxygen combustion 
bomb (23). 

RESULTS 

The relationships between days on pasture and the diet of the grazing 
animal are presented in Table 1. The chemical and botanical changes that 
oceurred in the tall fescue trial are illustrated in Figure 2. Similar trends 
were observed in the three other trials. 

The botanical composition of the forage ingested by the steers varied 
markedly within each of the four grazing trials. The difference due to days was 
significant at the 1% level for each trial. The relationship between days on 
pasture and per cent grass ingested is shown in Table 1 and Figure 2. The 
regression equation for the average per cent grass ingested for a day, on days, 
was significant for the first Kentucky bluegrass—white clover trial and the tall 
fesene—Ladino clover trial. However, the trend of increasing consumption of 
grass as the grazing period progressed was similar in the other two trials. 

There was a highly significant difference in the botanical composition of 
the forage consumed between steers in the second and fourth trial. The inter- 
action between days on pasture and animals was highly significant for the first, 
third, and fourth trial, and significant for the second. 

The per cent of protein in the grazing animals’ diet decreased as the grazing 
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TABLE 1 


Relationships between days on pasture and the grazing animals’ diet 





Ani- Collee- 
Trial Days mals tions 


Regression equation® 





Kentucky Bluegrass (1) 14 2R.F.* 14 Protein 
Crude fiber 


Grass r= 

Kentucky Bluegrass (2) 13 2R.F. 8 Protein t= 
Crude fiber & = 

Grass t= 

Kentucky Bluegrass (3) 10 2R.F. 14 Protein v= 
1 EF. Crude fiber Y= 

Grass Y= 

Tall Feseue (4) 21 R.F. 45 Protein Y= 
2 E.F. Crude fiber Y = 

Grass t= 


Y = 23.67 — 0.46X 
Y = 23.78 + 0.57X 
42.15 + 2.28X 
26.72 — 0.39X 
24.78 + 0.22X 
53.34 + 1.31X 
26.80 — 0.59X 
21.25 + 0.36X 
62.10 + 1.30X 
26.75 — 0.26X 
23.13 + 0.12X 
53.15 + 1.12X 








Corre- 
lations* 


(r) 





* = Significant at .05. 
** = Significant at .01. 
* R.F. = Rumen fistula. 
* E.F. = Esophageal fistula. 
¢ Y =Per cent constituent for a given day. 
X =Days on pasture. 


* Average daily composition of animals’ diet correlated with days on pasture. 


—0.904** 
+0.796* 
+0.763* 
—0.981* 
+0.968* 
+0.629 
—0.938* 
+0.651 
+0.361 
—0.842** 
+0.904** 
+0.900** 


period progressed. The regression of the average per cent protein in the sample 
(Y) on days on pasture (XY) was highly significant in all trials. The correla- 
tion of the per cent protein in the fistula sample and days on pasture was also 
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highly significant. The number of days on pasture and per cent crude fiber 
in the fistula sample were related. However, the per cent crude fiber increased 
as each grazing period progressed. The regression equation of the average daily 
erude fiber content of fistula samples on days was significant in the first, second, 
and fourth trials, but the upward trend was similar in all. 

The caleulated regression equation for energy indicated that there was a 
significant reduction as the grazing period progressed, in all trials except the 
third. Similarly, the ether extract content of the ingesta diminished, but the 
decrease was significant only in the third and fourth trial. 

No apparent relationship between number of days on pasture and the NFE, 
Ca, P, or ash content of the ingesta was evident. 

Esophageal-fistula samples contained significantly less P and Ca, and more 
NFE, than those from the rumen. In addition, during the fourth trial the 
esophageal samples contained less ether extract and crude fiber than the rumen 
samples. 

The botanical and chemical composition of the forage harvested from be- 
neath the cages and that of the fistula sample collected the same day indicated 
that there was no agreement between the two methods for any one day. 


DISCUSSION 

Several measures indicate that selective grazing occurred during the grazing 
periods. Botanical analyses showed that the percentage of grass in the grazing 
animals’ diet increased as the grazing period progressed and, conversely, the 
percentage of broad-leaved plants decreased. Clovers and weeds were not dif- 
ferentiated in the fistula samples. However, hand separation of the clipped 
samples indicated that there was less than 10% weeds in the harvested forage. 
Therefore, it is concluded that the amount of clover decreased in the diet as 
the grazing period progressed. This is evidence that the animals selected clover 
and, as the grazing period progressed, the proportion of clover in the forage 
decreased and the animals were forced to eat a diet higher in grasses. 

In each grazing trial the percentage of protein decreased and crude fiber 
increased in the animals’ diet as the grazing period continued; however, this 
difference was not always significant. In general, the change in chemical com- 
position of clipped samples was less than that of the fistula samples and not 
always in the same direction. For short grazing periods such as those employed 
in this study (10-21 days), large changes in either the chemical or botanical 
composition of the pasture would not be expected. Since the diet of the grazing 
animals, both chemically and botanically, did change markedly (Table 1), 
selective grazing was indicated. 

Increases in crude fiber and decreases in protein are directly correlated to 
changes in the per cent grass in the ingested sample, as indicated in Table. 2. 
Significant correlations between chemical and botanical constituents in two of 
the four trials indicate that the changes in chemical composition of ingested 
samples during the various grazing periods were associated with the changes 
in botanical composition. Since mineral contamination from the saliva is great 
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TABLE 2 


Correlation of protein and crude fiber with grass in fistula samples 








Pasture Tall feseue— 
trials Kentucky Bluegrass—white clover Ladino clover 
I II III IV 
Protein —.721°* —.704 —100 —I" 
Crude fiber .661** .399 385 .O72** 





** Significant at P < .01. 


(19), the results were also calculated on an ash-free basis. Although the trends 
were similar, this procedure increased the precision of this measurement and the 
correlation of ash-free constituents and the per cent grass in the fistula sample 
was significant in three of the four trials. The low correlation between chemical 
constituents and grass on the third bluegrass trial may have occurred because 
only limited growth was available at the start of the sampling period. This 
eliminated some of the opportunity for selective grazing of species and the 
animals were forced to eat some of the older fibrous material along with the 
young succulent growth. This had a greater effect on the chemical rather than 
the botanical composition of the ingested forage. 

Other changes in chemical composition were not directly related to selective 
grazing but are indicative of definite trends. Energy decreased in the fistula 
samples as the period progressed, and was associated with decreasing amounts 
of protein and ether extract. The higher caloric content of these constituents 
would explain this change in composition. 

The levels of phosphorus were lower and NFE higher in esophageal-fistula 
samples than in rumen-fistula samples when collected from the grazing animal. 
Similar differences in chemical composition were found in previous trials at 
Nevada, when the animals were given feeds of known composition (19). Lower 
levels of crude fiber in esophageal-fistula collections indicate that a total collec- 
tion was not made with this type of fistula, although differences in protein 
content were not observed between samples from the two types of fistula. 
Previous work (19) supports this theory. The esophageal-fistula samples con- 
tained significantly less ether extract than the rumen-fistula samples for the 
tall feseue—Ladino clover trial. This possibly resulted from contamination 
from material adhering to the rumen wall, but the trend was not obvious in 
all data. It was observed that the esophageal-fistula samples appeared to be 
less contaminated with pigments and other foreign matter than the rumen- 
fistula samples. Calcium was significantly lower in the esophageal-fistula sam- 
ples in the third and fourth trial. The reason for this is not apparent. 

In the four trials there was no agreement between the composition of the 
fistula sample and that harvested beneath the cages the same day. Such com- 
parisons indicate that the chance for error is large when using clipped samples 
to predict the grazing animals’ diet. Therefore, whenever possible, the animal 
itself should be used as the sampling agent in pasture research. Further study 
is needed to compare methods of botanical determinations in the field with the 
composition of fistula samples. 
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Statistical analysis indicated that an average number of four collections 
are needed to sample the protein content (+ 10%) on any one day on even a 
heterogeneous mixture of grasses and clovers. Additional samples are required 
for the same precision for other observations. 
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EFFECT ON MILK PRODUCTION OF CHOPPING MEADOW 
CROP ONCE AND TWICE DAILY 


A. D. PRATT, R, R. DAVIS, ann H. R. CONRAD 


Departments of Dairy Science and Agronomy 
Ohio Agricultural Experiment Station, Wooster 


SUMMARY 


The effect of cutting alfalfa-bromegrass once vs. twice daily for milking cows was 
compared over a 111-day feeding period. Treatments consisted of three rates of grain 
feeding—zero, quarter, and half grain—offered to the cows on each harvest schedule. 
The experimental animals were sorted into six groups of six cows each and the cows 
within a group were assigned to treatments at random. 

The temperature of soilage held from the morning to the afternoon feeding, by 
periods of 2 wk. each, rose a minimum average of 10.8° F. in early June and a maxi- 
mum average of 38.2° F. in late July. During the entire experiment the average tem- 
perature rise was 17.3° F. from the morning to the afternoon feeding and 31.0° F. from 
the afternoon until the morning feeding. 

Average daily dry matter intakes and adjusted daily production of 4% fat-corrected 
milk indicate that cutting only once was not deleterious. 

Either rate of grain feeding resulted in significantly higher milk production than 
no grain. Grain at the rate of 0.2 lb. per pound of milk above 20 for Holsteins and 
0.25 for each pound of milk above 12 for Jerseys (half rate) seems justified. 





In previous research (1) comparing freshly chopped meadow crop (soilage) 
with silage, the crop was chopped twice daily to avoid any possible effect of 
heating upon soilage consumption. The oxidation of sugars during the heating 
(fermentation) process is well known. Decreasing the content of sugars might 
affect the taste of the grass and thus reduce consumption. Wilson (2) has 
shown that alfalfa (Medicago sativa) when cut and containing 75% moisture 
contained 1.58% sugar. When 100 g. were wilted to 41.1 g. the sugar content 
was 1.69%. In this case about 56% of the sugar was oxidized. Similar data 
on bromegrass (Bromus inermis) showed a loss of 54% of the sugar. 

Should the change in composition of the cut forage reduce palatability and 
dry matter intake, the cost of milk production might be increased to a sig- 
nificant degree. For these reasons an experiment was planned to measure (1) 
the effects of cutting legume-grass forage once as compared with twice daily 
on dry matter intake, (2) any differences in milk production due to harvest 
schedule, and (3) the degree of heating of green-chop carried from the morning 
harvest to the afternoon feeding, as well as that carried from the afternoon 
harvest to the morning feeding, as a guide to indicate at what time of day 
onee-a-day chopping should be done. 

Two levels of grain feeding were planned to compare with a check group 
fed no grain, within each of the harvest schedules. 


EXPERIMENTAL PROCEDURE 


Harvesting routine. A mixture in which alfalfa and bromegrass predomi- 
= | 
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nated was cut in the morning with a field chopper into a self-unloading wagon 
with cross conveyor. This soilage was fed to both groups of experimental cows 
in the morning, and sufficient was held to feed one group at the afternoon 
feeding. Enough additional soilage was cut just prior to the afternoon feeding 
to feed the other group. After 2 wk. of feeding on this routine the larger 
amount was cut in the evening and sufficient was carried over for the morning 
feeding of one group. Alternating on a 2-wk. basis was continued throughout 
the experiment. 

Standardization period. All cows that would be available for this study were 
placed upon a standardized ration of grass-legume silage, hay, and grain dur- 
ing a 3-wk. period in April, to permit adjustment of production during the 
experiment by a regression analysis. Milk yields and feed intake were recorded. 

Experimental animals. Thirty-six cows (18 Jerseys and 18 Holsteins) with 
previous lactation records were sorted into six groups on the basis of breed, age, 
weight, and previous and current milk production, and the cows within a group 
assigned at random to the six treatments. 

Grain feeding. The cows given soilage cut twice and eut once daily were 
fed three levels of grain: (1) no grain, (2) 0.10 lb. of grain per pound of milk 
above 20 for Holsteins and 0.125 lb. above 12 for Jerseys (quarter grain), and 
(3) 0.20 lb. of grain per pound of milk above 20 for Holsteins and 0.25 Ib. 
above 12 for Jerseys (half grain). If milk production dropped below 12 for 
Jerseys or 20 for Holsteins, 1 lb. of grain was fed as a minimum. 

The grain mixture consisted of 500 Ib. ground shelled corn, 500 Ib. ground 
oats, 10 lb. steamed bonemeal, and 10 lb. iodized salt. 

Soilage feeding. A small amount of soilage in excess of appetite was fed 
and the refusal was weighed back daily. Both soilage and refusal were sampled 
for chemical analysis. 

Heating. The soilage that was carried over until the following feeding was 
left in a pile on the concreted feeding alley. Three thermometers were inserted 
in the pile, one at the apex, one near the bottom, and the third midway between 
the other two, to determine the extent of diurnal temperature rise and seasonal 
changes in temperature rise. Temperatures were recorded at feeding time. 

Weighing of cows. The cows were weighed for three consecutive days at the 
beginning and at the end of the experiment and at 4-wk. periods between, to 
determine the effect of heating of soilage on body weight changes. 

Duration of experiment. The feeding began on May 19, 1959, and continued 
through September 6. The first period was of 13 days and the seven other 
periods were of 2 wk. each. Because of this lack of uniformity, the data for 
each period are expressed as per cow per day. 

Bedding. All cows were bedded with shavings to minimize the errors in dry 
matter intake. 

RESULTS AND DISCUSSION 

No major difficulties were experienced in daily harvest of the soilage. The 
minimum average temperature rise for a 2-wk. period was 10.8° F. when soilage 
was held from the morning until the afternoon feeding (8 hr.) from June 1 
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to 14. The maximum rise was 38.2° F. when soilage was held from the after- 
noon cutting until the morning feeding, July 14 to 25 (16.5 hr.). The average 
degrees Fahrenheit rise from the morning to the afternoon cutting was 17.3, 
and from the afternoon cutting until the morning feeding the temperature rose 
an average of 31.0°. 

The heating of the soilage did not result in decreased dry matter intake 
(Table 1), although such a decrease had been considered a possibility. The 


TABLE 1 


Observed dry matter intake, milk production, and weight changes of cows fed alfalfa— 
bromegrass cut once and eut twice daily 





Daily dry matter intake 











4% = Weight 
Treatment FCM Forage Grain Total change 
- (1b.) 
Cut twice 
No grain 27.5 28.7 0.0 28.7 —26 
Quarter grain 31.2 29.4 2.0 31.4 — i 
Half grain 32.3 28.4 3.8 32.2 —26 
Average 30.3 28.8 1.9 30.8 —i9 
Cut once 
No grain 25.3 29.8 0.0 29.8 $e 
Quarter grain 30.0 28.9 1.9 30.8 —10 
Half grain 38.7 27.9 4.0 31.9 —39 
Average 29.3 28.9 2.0 30.8 —23 
L.S.D. (Times harvested) N.S. N.S. 





groups fed soilage harvested twice daily ate an average of 28.83 lb. of dry 
matter daily per cow, whereas the groups fed soilage harvested only once daily 
ate an average of 28.87 lb. Since the grain was fed at the same ratios to actual 
milk production under both harvesting and feeding regimes, the grain dry 
matter intake was nearly the same on the 4% fat-corrected milk (FCM) basis. 
As a result of these similar rates of dry matter intake and compensating varia- 
tions, the average intakes of total dry matter are identical for the two groups. 

The average daily milk production for those fed soilage harvested twice 
daily was 30.3 lb., whereas that for those fed soilage harvested only once daily 
was 29.3 lb. The comparative yield of 4% FCM on soilage cut once or twice 
daily on the three levels of grain intake is shown in Figure 1 by 2-wk. periods. 
The initial production level is that attained during the standardization period, 
the center point of which was 30 days prior to that of the first experimental 
period. 

Of the cows receiving green-chop cut fresh twice daily and grain at the 
quarter rate, two were receiving only 1 lb. per feed at the start of the experi- 
ment. The other four members of this group dropped to 1 lb. per feed during 
July. Of these fed at the half grain rate none received as little as 1 lb. per 
feed. Of the cows fed green-chop harvested but once daily, two cows were low 
producers and were fed but | lb. per feed at the beginning of the experiment. 
In this case also the remaining four members declined in milk production by 
the close of the experiment until they were fed only 1 lb. of grain mix per feed. 
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Fig. 1. Pounds of 4% FCM produced daily by groups on soilage harvested once and 
harvested twice daily. Grain was fed at three levels: (1) zero grain, (2) quarter grain 
level—0.1 lb. grain per pound milk above 20 for Holsteins and 0.125 lb. grain per pound 
of milk above 12 for Jerseys, and (3) half grain level, twice the above amount. 


Two of the group on half grain were receiving only 1 lb. per feed at the close 
of the experimental period. This is a clear indication that the quarter rate of 
grain feeding was inadequate. The low point in production for each group was 
at the sixth or eighth week of the evperiment. This occurred when the alfalfa- 
bromegrass reached the advanced stage of maturity which resulted in reduced 
daily intake as well as low dry matter digestibility (Table 2). The low dry 
matter intake accounts for weight losses of the cows. The recovery in average 
daily milk production from the low in the fourth period was significant at the 
5% level. The action of grain in counteracting the effect on milk production 


TABLE 2 


Per cent digestibility of dry matter of alfalfa-bromegrass soilage with advance 
in stage of growth 


Quarter Half 
Date grain grain 





5-25* 64.2 65.0 
6-1* 

6-8" 

6-15* 

6-22* 

7-27** 

8-17*** 





* First growth. 
** Second growth. 
*** Third growth. 
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of advancing plant growth and decreasing dry matter digestibility is seen to 
some extent where the quarter rate of grain was fed and to a more marked 
degree where the half rate was fed. The marked reduction in milk flow where 
no grain is fed emphasizes the need to provide soilage with a high degree of 
palatability and high digestibility to avoid such declines. Supplemental crops 
to bridge the gap between the third week of harvest of alfalfa-brome soilage 
and the second harvesting on the same land seem highly desirable. 

A statistical analysis of the data appears in Table 1. Milk produetion and 
dry matter intake were adjusted by regression for the corresponding data of 
the standardization period for 30 cows that had been in production during the 
standardization period. The data were analyzed! by covarianee to determine 
whether the observed differences were influenced by differences in production 
level at the beginning of the experiment. The treatments which consisted of 
level of grain feeding within times harvested were highly significant. Thus, 
grain feeding was highly significant, whereas the number of cuttings per day 
was not significant, even at the 5% level. Whereas the differences between 
periods were highly significant, there was no interaction between periods and 
treatments. Adjusted means for milk production were identical for the two 
cutting treatments, 30.2 lb. daily. The adjusted means for milk production 
at the three levels of grain feeding (Table 3) show the differences due to grain 














TABLE 3 

Observed and adjusted milk production and observed dry matter intake 
Adjusted* Dry 
4% 4% matter 
Grain levels FCM FCM intake 

(lb.) 

No grain 26.4 27. 29.3 
Quarter grain* 30.6 29.9 31.1 
Half grain* 32.5 33.1 32.1 
L.S.D. (.05) 1.97 N.S. 
(.01) 2.97 N.S. 





* Aetual production was adjusted by regression for differences in production during 
a preliminary standardization period. 

* Quarter and half grain refer to that fraction of grain provided by the rule of 0.4 Ib. 
of grain per pound of milk above 20 for Holsteins and 0.5 lb. per pound of milk above 12 
for Jerseys. 


feeding to be highly significant. The production per pound of dry matter 
adjusted for initial production per pound of dry matter shows the production 
to be significantly more efficient at either level of grain feeding than when no 
grain was fed. 


The study of adjusted means was made through the courtesy of C. R. Weaver, Station 
Statistician. 
REFERENCES 
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FURTHER STUDY OF A TURBIDITY TEST FOR QUALITY IN HAY! 


J. G. ARCHIBALD, E. BENNETT, anv D. F. OWEN, JR. 


Departments of Animal Science, Chemistry, and Feed Control 
Massachusetts Agricultural Experiment Station, Amherst 


SUMMARY 


Further work with an earlier reported turbidity test for quality in hays has 
involved the testing of 77 additional lots of various kinds of hay. Results pooled 
with the earlier work show the same general trend, viz., highly significant correlation 
between the turbidity (optical density) of aqueous suspensions of ground hays and 
their protein, fiber, ether extract, and total ash content. Results of milk production 
trials with 28 of the hays also show a significant correlation between the turbidity 
test on the hay and average daily milk production. Limitations of the test in its 
present state of development are pointed out. 





Search for a simple and rapid method for evaluating quality in hay has 
been in progress at this station for several years. One report (1) has been 
published based on results with 16 lots of hay and containing some rather 
significant preliminary results. There are now available results from 93 lots, 
those from the original 16 having been pocled with 77 others. 


EXPERIMENTAL PROCEDURE 


The method developed involves the photometric measurement of turbidity 
in a filtered aqueous extract of finely ground hay. The detailed procedure is 
as follows: Three grams of dry hay ground to pass a 144-mm. sieve are sus- 
pended in approximately 200 ml. of distilled water containing four to five 
drops of concentrated acetic acid. The mixture is agitated for 5 min. in a 
Waring blendor, then transferred to a 500-ml. volumetric flask, and made up 
to volume. The resulting suspension is centrifuged at 1,500 r.p.m. for 5 min., 
and any floating particles are removed by pouring the supernatant liquid 
through a thin layer of glass wool. Turbidity of the filtered extract is deter- 
mined in a Coleman spectrophotometer (Model 11) at 675 mp with a No. PC-5 
Corning filter and distilled water as the reference liquid. 

Most of the hays used were grown on the University farm at Amherst, in 
connection with studies on hay storage and on feeding and digestion trials for 
milk production. They included eight lots of alfalfa, 16 lots of alfalfa with 
such single grasses as smooth brome and orchard grass; seven lots of alfalfa 
with mixed grasses, nine lots of mixed legumes (red and alsike clover), seven 
lots of timothy, one lot predominantly Kentucky bluegrass, one lot of Ladino 
elover and brome grass, five lots of second-cutting mixed grasses of obviously 
good quality, and five lots of first-cutting (late-cut) mixed grasses of obviously 
poor quality. There were 34 lots of second- or third-cutting mixed grasses of 
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very good quality, mostly timothy, red top, and Kentucky bluegrass with minor 
amounts of quack grass, orchard grass, and red clover. Most of the lots were 
from fields that had been maintained at a high level of fertility for many years. 


DISCUSSION 


The relationship between turbidity and the several entities listed in Table 1 




















TABLE 1 
Correlation between turbidity and various constituents 
Turbidity* cf df r 
Crude protein 91 Marer 
Crude fiber 91 —45*°* 
Ether extract 91 A59°* 
N-free extract 91 —297 
Total ash 91 53*** 
Total sugars 88 ms | 
Lignin 45 .02 
Protein-fiber ratio 91 ——_ 
*P < 0.05. 
eee? < 6.061, 


“Optical density as shown on the galvanometer scale. 


follows much the same pattern as in our earlier report. The correlation values 
for protein, fiber, and protein-fiber ratio are fully as significant but, as before, 
total sugars and lignin show little or no relationship to the test. The observa- 
tions made in the earlier report apply with equal relevance, and for convenience’ 
sake are restated here. 

The highlights of the r values are the positive correlation between protein 
and turbidity and the inverse relationship between fiber and turbidity. Total 
ash also is closely correlated with turbidity; this is not surprising, since high 
protein and high ash usually are associated in roughages and both of them 
frequently are associated with low fiber. The negative correlation of turbidity 
with fiber may be due to the fact that cellulose per se is not readily dispersed 
to a stable particle size by the means used and/or that the zeta potential is 
favorable for flocculation. The attractive forces among the particles cause 
aggregation in a relatively short time. Similar experiments conducted with 
a high grade cellulose have yielded essentially clear supernatants even after 
repeated treatment in the blendor. 

The very low value for turbidity of sugar is readily comprehended; all 
mono- and disaccharides, at least, give clear water solutions. Less clear-cut 
and harder to understand is the r value for lignin; one might expect it to be 
similar to that for fiber. The disparity may be due to the fact that lignin per se 
is more easily dispersed than cellulose, and conditions seem to be more favor- 
able for the production of a suspension that is stable to the amount of cen- 
trifugal foree employed in the test. Experiments with isolated lignin indicate 
that it might contribute appreciably to the total turbidity. However, when 
one considers the particle size and the intimate association of lignin and other 
cell-wall components in natural material, in relation to the dispersive powers 
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used, one might conclude that the possibility of lignin making a significant 
contribution to turbidity is rather remote. 

Study of the relationship of the test to the value of hays for milk produc- 
tion also has been continued. In the earlier report it was stated that ‘‘ without 
exception relatively high protein, relatively low fiber, grade of hay as predeter- 
mined, and turbidity of the hay extract all bore a close relationship to the 
amount of milk produced.’’ This was with a small number of cows and only 
four lots of hay. In our more recent work, over a 4-yr. period from 1955 to 
1959, 28 lots of hay were fed to 27 Holstein cows in a dual feeding system 
(double-reversal and continuous) involving over 3,000 cow-days. The correla- 
tion coefficient between optical density of the hays and average daily milk 
production per cow was 0.49, when no adjustment was made for advancing 
stage of lactation. When the records were corrected for lactation stage the 
value of r was 0.44, which approaches rather closely Snedecor’s test of sig- 
nificance at the 1% level (2). The accompanying graphs show the regression 
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Fig. 1. Regression of protein content of hay on optical density of its aqueous solution. 


of optical density on protein and fiber content of the hays. Of unusual interest 
is the fact that if one of these graphs is superimposed on the other the regres- 
sion lines are seen to be almost exact mirror images. In other words, as fiber 
increased and protein decreased the optical density of the aqueous suspensions 
decreased in almost direct proportion, and vice versa. 

All of this evidence indicates that the method has definite potentialities 
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Fig. 2. Regression of crude fiber content on hay on optical density of its aqueous solution. 


for rapid evaluation of hay quality but, as indicated in the scatter diagrams 
of the graphs, in its present state of development it has very obvious limita- 
tions for evaluating individual samples. Further work is warranted, either 
here or elsewhere, to increase its selectivity. 
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VITAMIN A AND CAROTENOID INTER-RELATIONSHIPS IN 
BOVINE PLASMA AND LIVER? ? 


R. H. DIVEN,’ 0. F. PAHNISH, C. B. ROUBICEK, E. S. ERWIN,‘ anp H. M. PAGE® 


Department of Animal Science, University of Arizona, Tueson 


SUMMARY 

Arithmetic and log functions of bovine liver and plasma vitamin A and carotenoid 
were correlated in all possible combinations within each of four sampling periods. 
Little or no relationship existed between plasma and hepatie vitamin A or between 
hepatic carotenoid and plasma vitamin A. Positive relationships were found to exist 
between plasma carotenoid and hepatic carotenoid, hepatic carotenoid and hepatic vitamin 
A, plasma carotenoid and plasma vitamin A, and hepatic vitamin A and plasma 
carotenoid. The correlation coefficients were, however, so small that any known variable 
had little predictive value. There was no apparent advantage in using the exponential 
functions for any of the variables. The correlations were not conspicuously superior 
in magnitude for any given sampling period. The variances for sex and year subclasses 
were found to be homogeneous within most of the sampling periods, but considerable 
variation existed among the correlation coefficients computed. 





Several attempts have been made to determine the nature and extent of 
the relationships between blood and hepatic levels of vitamin A and carotene in 
various animal species. If these levels are sufficiently correlated when expressed 
in terms of arithmetic or other functions, the levels most easily obtained can 
be used to predict the levels less readily determined. 

Using arithmetic values, Braun (2) found a direct relationship between 
liver and blood vitamin A levels in 52 head of cattle only when the liver levels 
were below normal. Similar results were obtained by Glover et al. (9) when 
they related vitamin A alcohol in the liver to total plasma vitamin A in rats, 
but not when they related total liver vitamin A to total plasma vitamin A. 
Hoefer and Gallup (10) reported little direct relationship between levels of 
plasma and liver vitamin A in 28 feeder lambs when plasma values were above 
20%. Although Frey et al. (6) and Ganguly and Krinsky (8) could not find 
a simple relationship between serum or plasma vitamin A and liver vitamin A 
levels, Krause (12) found an inverse linear relationship between serum and 
liver vitamin A in 112 normal male and female rats. 

Others have considered this relationship with various exponential functions. 
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Almquist (1) examined data from investigations mentioned above (6, 10) and 
observed a linear relationship between plasma vitamin A and log liver vitamin 
A,. Rousseau et al. (14), with 97 calves, reported a linear relationship between 
log plasma vitamin A (milligrams per cent) and log hepatic vitamia A (micro- 
grams per gram). The observations in this study ranged from approximately 
5 y to greater than 20 y per 100 ml. for plasma vitamin A and from approxi- 
mately 0.75 to 3.00 log y per 100 g. liver vitamin A. When the semilog func- 
tions were plotted, a similar slope of the line was found for values from calves 
consuming either a depletion or a minimal vitamin A diet. However, the inter- 
cepts of these lines did not agree. In some cases, it has been possible to predict, 
within definite limits, liver vitamin A levels by relating the observed plasma 
vitamin A values to the logs of the hepatic values. Eaton et al. (4) accomplished 
this when using values ranging from less than 6 to 52 y per 100 ml. for plasma 
vitamin A and from 0.6 to at least 4.9 log y per 100 g. for liver vitamin A. The 
data used by Eaton et al. (4) extended over a wider range of values than did 
the data used by Rousseau et al. (14) and thus provided more adequate evi- 
dence in support of Almquist’s report that the relationship of plasma vitamin 
A to log liver vitamin A was linear. 

Since prior investigations have not fully established the relationships be- 
tween levels of vitamin A, and carotene in the liver and plasma, it was the 
objective of this study to extend the existing information by computing all 
possible correlations of arithmetic and log functions within each of four sam- 
pling periods. To accomplish this, more than 560 bovine liver and correspond- 
ing plasma samples, representing four different ages, were collected during 
a 2-yr. period. 

EXPERIMENTAL PROCEDURE 

The purebred Hereford calves used in this study were born in 1957 and 
1958. All animals were maintained year-long on native range on the Apache 
Indian Reservation at San Carlos, Arizona. A supplement (two-thirds cotton- 
seed meal—one-third salt) was supplied ad libitum from the time the calves 
were weaned in November until green forage was available in March or April. 

Plasma and liver samples (5) were withdrawn from each animal according 
to the following schedule: 





1957 Progeny 1958 Progeny 
Same) - - - 
pling Age Age 
period (days) Plasma _ Liver Date (days) Plasma Liver Date 











I 213 x 11/6/57 234 x x 11/13/58 
II 372 x ’ 4/13/58 337 x x 2/25/59 
III 583 x x 11/11/58 
lv 689 x x 2/24/59 





Promptly prepared plasma samples and liver samples washed in saline were 
immediately frozen in plastic tubes with dry ice. The plasma and liver were 
later analyzed for carotenoid and vitamin A according to procedures described 





‘ 
1 
i 
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by Kimble (11) and Gallup and Hoefer (7), respectively. All data were 
recorded in punch cards for numerical analyses. 

The four variables—-hepatic vitamin A and carotenoid expressed in micro- 
grams per gram and plasma vitamin A and carotenoid expressed in micrograms 
per 100 ml.—were correlated in all possible combinations, using arithmetic, 
semilog, and log-log functions. For this purpose, the data were classified by 
sex within year and sampling period. Using a test of homogeneity outlined 
by Snedecor (15), subclasses within sampling periods were combined when 
variances were found sufficiently homogeneous (P > .05) to justify the caleu- 
lation of average correlation coefficients. 


RESULTS AND DISCUSSION 

The means and standard deviations of the four variables, hepatic and 

plasma vitamin A and carotene, for each sex within year and sampling period 
are presented in Table 1. 


TABLE 1 
Means and standard deviations for each sex within year and sampling period 





1957 1958 
Bulls Heifers Heifers 





Hepatic vitamin A (micrograms per gram) 
Period I 91.75 + 28.80 103.19 + 31.52 d a 138.13 + 41.31 
Period II 52.45 + 12.48 50.06+ 9.05 : 9.2 168.08 + 30.62 
Period III 234.28 + 92.79 181.80 + 23.75 
Period IV 257.07 + 60.81 210.13 + 
Hepatic carotenoid (micrograms per gram) 
Period I 5.34 1.45 5.79 + 
Period II 9.79 + 2.88 10.32 + 
Period III 10.91 + 3.57 14.48 + 
Period IV 8.39 + 2.43 8.01 + 
Plasma vitamin A (micrograms per 100 ml.) 
Period I + 10.98 
Period IT 39.29 + 17.81 47.29 + 19.81 + 16.10 
Period IIT 56.73 + 13.95 53.64 + 9.83 
Period IV 64.73 + 10.60 65.68 + 9.33 
Plasma carotenoid (micrograms per 100 ml.) 
Period I 479.91+ 44.03 542.26+ 164.60 
Period II 851.29+255.79 995.92+334.34 556.93+191.32 381.73+ 93.60 
Period IIT 562.77+436.04 695.52+157.04 
Period IV 631.13+174.55 441.00+123.55 





The final correlation coefficients, after subclasses within sampling periods 
were combined to the extent justified by tests of homogeneity of variances, are 
shown in Table 2. Because of the lack of mutual relationships, the correlations 
between hepatic vitamin A and plasma vitamin A and between hepatic carot- 
enoid and plasma vitamin A were not presented in tabular form. 

Krause (12) has suggested that age, sex, supplementation, and degree of 
vitamin A depletion may affect liver and serum vitamin A _ relationships. 
However, from Table 2, it can be observed that in most of the subve‘asses there 
were no sex differences. This fact was particularly obvious when arithmetic 
values were related. On the other hand, year differences were more pronounced. 
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This lack of homogeneity is probably due to environmental variation between 
the two years. 

The correlations between hepatic carotenoid and plasma carotenoid, hepatic 
carotenoid and hepatic vitamin A, plasma carotenoid and plasma vitamin A, 
and hepatic vitamin A and plasma carotenoid were significant, (P < .05) to 
(P < .01), for most subclasses. In general, the logarithmic relationships that 
have been suggested, as well as the arithmetic relationships, were in agreement 
with observations made with range cattle in Washington (13). With two ex- 
ceptions (log and semilog correlations between hepatic and plasma carotenoid 
for males at Period II) the dependent variables did not account for more than 
40% of the variation in the constituents that they were intended to predict. 
In most cases they accounted for 25% of this variation, or less. Where high 
correlation coefficients (r= .9+) were obtained they were applicable only to 
males in Period II for the relationship between hepatic carotenoid with plasma 
carotenoid. The corresponding correlations for the females in this period were 
extremely low and nonsignificant; thus, the high correlations are subject to 
question. 

Although significant relationships existed between several of the above 
variables, the limited magnitude of the geometric means (correlation coeffi- 
cients) suggests that the formulation of prediction equations would be im- 
practical. The results obtained from such equations would depend upon which 
variable is designated as dependent and which is designated as independent. 
The designation of a dependency is difficult in view of the work by Church 
et al. (3), in which it was observed that normally circulating carotene was 
not utilized for vitamin A in Hereford calves. If plasma and liver carotenoid 
levels are indicative of dietary intake of carotenoid, and if hepatic and plasma 
vitamin A concentrations indirectly reflect dietary carotenoid levels, then 
mutvel statistical relationships could exist without necessarily reflecting bio- 
logical dependencies. 

Although previous reports suggest a greater linearity between hepatic and 
plasma vitamin A when exponential functions are used (4, 14), the linearity 
of the logarithmic vaiues, for the most part, was no greater than for the 
arithmetic values in the current study. This lack of agreement between this 
and other studies suggests that prediction equations are feasible only when 
the animals are on a controlled dietary regime (14) or their body stores of 
carotene and vitamin A are at critical levels (2, 10). 
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EFFECT OF CONDITION OF ANIMAL ON THE CREATININE 
EXCRETION OF BOVINE ANIMALS? ? 


H. J. REBHAN®* anp J. D. DONKER 


Dairy Husbandry Department, University of Minnesota, St. Paul 


SUMMARY 


Creatinine excretion was studied with members of two sets of identical triplet bulls 
and one set of identical twin steers. The animals in each identical set were fed different 
amounts of energy so as to study creatinine excretion with identical animals differing 
in condition. The results indicate that fat bulls had higher creatinine coefficients 
than their thin mates. The work with steers showed that the fat steer had a slightly 
lower creatinine coefficient than his thin mate. 





Folin (4) reported that the quantity of creatinine eliminated by humans 
in the urine on a meat-free diet is a constant quantity independent of the total 
nitrogen eliminated. Shaffer (10) also reported daily creatinine to be constant 
for humans. Later, Maw (7) and Albanese and Wangerin (1) reported varia- 
tions in total creatinine output to vary as much as 25% per day. 

Folin (4) reported, ‘‘Fat or corpulent persons yielded less kreatinin per 
unit of body weight than lean ones.’’ Shaffer (11) reported, ‘‘The amount of 
kreatinin nitrogen per kilo shows a parallelism with muscular development or 
strength or muscular efficiency of an individual.’’ McClugage (8) found the 
daily creatinine excretion of five obese persons to be low in relation to their 
ideal weight. 

Ashworth and Brody (2), working with ten female bovines, found that 
creatinine excretion per unit weight was independent of age. The variations 
in the creatinine coefficient (milligrams creatinine per kilogram body weight) 
were explained as being due to fluctuations in the relative degrees of fatness 
c che animals, the fatter the animal the lower the creatinine coefficient tended 
to be. Working with 18 long yearling steers, Lofgreen and Garrett (6) found 
the creatinine excretion and the per cent of separable lean in the soft tissue 
of the 9, 10, and 11th rib cut to have a highly significant correlation of 0.67. 


If creatinine excretion is related to body protein, and fatter animals have 
lower creatinine coefficients than thin ones, a study of the creatinine excretion 
of identical twin or triplet bovine animals with different degrees of fatness 
should give an index or a measure of the differences in the fatness of these 
identical animals. This report concerns a study which was made between the 
relationship of creatinine output in the urine and condition of the animal. 
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EXPERIMENTAL PROCEDURE 


Three sets of identical animals were used for this experiment. The history 
and feeding regime have been described in a previous report (9). 

Urine was collected in a wooden stall with a grate in the middle and a pan 
underneath to catch the urine. Later, a tie stall was made into a collection stall 
by sloping the floors to the center, where a drain led off to the side, where 


urine was collected in a carboy. 

The urine was collected at the same time each day and was measured and 
sampled for analysis. To prevent bacterial decomposition of the creatinine in 
the urine, toluene was used as a preservative during collection. After collec- 
tion, samples were kept frozen until analysis. The creatinine was determined 
photometrically by the method outlined by Hawk et al. (5). A standard curve 
was determined from a standard solution containing 100 mg. per cent creatinine 
and using 14, %, 34, and 1 ml. of the solution per sample each time the samples 
were analyzed. All urine samples were analyzed in duplicate and samples 
varying by more than .03 density unit were repeated. 


RESULTS AND DISCUSSION 

Table 1 records the data related to the excretion of creatinine by the ani- 
mals. Urine was collected from T-15 and T-17 on four separate occasions over 
a 5-mo. period to determine creatinine output. The animals’ weights and 
creatinine outputs remained relatively constant during this time. The average 
daily creatinine excretion for all nine days was 26.48 g. for T-15 and 23.42 g. 
for T-i7. The average daily creatinine coefficient for T-15 was 39.46 and for 
T-17 it was 34.75. The average creatinine coefficient for T-15 was 13.55% 
greater than for T-17. These creatinine coefficients are comparable to values 
given by Lofgreen and Garrett (1954) for commercial steers. 

T-17 weighed 1,800 lb. and was brought down to 1,500 lb., and T-15 weighed 
1,200 lb. and was brought up to 1,500 lb. T-17 was large and thin and T-15 
smaller and much fatter at their common weight. Why the fat bull had a 
higher creatinine excretion is hard to explain, if creatinine excretion is related 
in a simple manner to protein mass. T-15 had a higher pulse rate (98 vs. 71 
beats/minute. It is possible that a higher metabolic rate as evidenced 
by a higher pulse rate is associated with higher creatinine output. T-15 was 
less stiff than T-17 after being in the collection stall. Perhaps greater muscle 
tonus and greater power of recuperation have an effect on creatinine output. 
Even when both bulls were exercised during urine collection periods, T-17 
always became stiff and crampy sooner than T-15 and the stiffness was always 
greater than T-15 and the recovery slower. 

Urine was collected from the Steers T-258 and T-259 when the animals 
were 10 mo. old and at similar weights and condition (Table 1). The steers 
were then fed different levels of energy and a five-day urine collection was 
made when the steers were 13 mo. old. When the steers were 27 mo. old, urine 
was collected for two six-day periods. 

The creatinine coefficients were relatively constant for these steers except 
that when the steers weighed 870 and 620 lb. they were a little lower. These 





CREATININE EXCRETION OF THE BOVINE 


TABLE 1 


Creatinine excretion of animals 





Av. 
Weight No. of daily 
at time Age at days creat- 
of collee- collee- Date at start col- inine 
Animal tion tion of collection lected exereted 





(lb.) (mo.) (mo. ) (yr.) 
y's 1,547 127 4 57 2 
1,498 127 4 57 2 
1,500 6 57 3 
1,524 
1,451 
1,456 
1,478 
1,488 
543 
549 
820 
670 
1,400 
1,060 
1,450 
1,100 
1,470 
1,446 
1,431 
1,460 
1,790 
1,520 
1,470 
1,790 
1,520 


*Bull T-15. 

»Bull T-17. 

* Steer T-258. 
“Steer T-259. 
* Bull T-233. 
‘ Bull T-234. 
* Bull T-235. 
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results are in general agreement with Ashworth and Brody (2), who reported 
that the average creatinine coefficient was independent of age and that fluctua- 
tions in the creatinine coefficient were explained by the relative degree of fatness 
of the animals. The fatter the animal, the lower the creatinine coefficient. The 
differences in the creatinine coefficient were small and the creatinine excretion 
was nearly directly proportional to body weight, as suggested by Brody (3). 
However, T-258 probably increased condition quite materially in changing from 
550 Ib. to 1,400 Ib., although the creatinine coefficient remained constant rather 
than decreasing as might be expected. On the other hand, T-259 increased in 
weight from 550 to 1,100 lb. and definitely lost condition and did increase some- 
what in creatinine coefficient. 

When the identical triplet bulls, T-233, T-234, and T-235, were 29 mo. old 
and weighed about 1,450 lb., a six-day urine collection was made from each 
bull. The bulls were then placed on different rations. After the bulls were on 
these rations for 7 mo., urine was collected for six days from each bull. Since 
the results were surprising, another urine collection of six days was made from 
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each bull to verify the results of the previous six-day collection. The creatinine 
ecefficient of T-233, whose weight remained almost constant, remained essen- 
tially the same. The creatinine coefficient of T-234, the bull fed twice as much 
as T-233, was considerably higher than it was 7 mo. previously. T-234 had 
about a 20% increase in body weight and an increase in creatinine coefficient 
of about 30%. The creatinine coefficient of T-235, the bull fed twice as much 
as T-233 with 15 g. of thyroprotein per day, was between T-233 and T-234. 
In this trial the bulls in highest condition had the highest creatinine coefficient. 
This is just the opposite of what was previously reported with the steers, but 
is in agreement with the other bulls, T-15 and T-17. Steers tend to put on more 
of their weight in the form of fat while bulls would show greater relative in- 
creases in muscle or protein mass. This might explain some of the differences 
in creatinine excretion, but certainly not all of them. Bull T-234, like the Bull 
T-15, had a higher heart rate than his thin brother. The average heart rates of 
the bulls were 61 for T-233, 74 for T-234, and 75 for T-235. T-235 had a higher 
heart rate and a higher creatinine coefficient than T-233. The bulls with higher 
heart rates had higher creatinine coefficients. 

The results with steers are in general agreement with the results of Ash- 
worth and Brody (2) and Lofgreen and Garrett (6). The fattest steer of the 
pair had the lowest creatinine coefficient in each comparison. However, T-258’s 
creatinine coefficient did not drop as the steer grew in size and condition, as 
would be expected. The results with bulls are not in complete agreement with 
the results of steers, indicating sex might be a factor in the creatinine excretion 
of bovine animals. A search in the literature revealed no work in which the 
creatinine excretion of bulls was studied. 
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EFFECT OF A MODIFIED SULFITE WASTE LIQUOR AND OF 
CALCIUM GLUCONATE ON MILK PRODUCTION ?? 


R. S. EMERY, C. K. SMITH, T. R. LEWIS, JUNE DE HATE, ano L. D. BROWN 


Departments of Dairy and Microbiology, Michigan State University, East Lansing 


SUMMARY 


Milk production was increased by 0.6 to 1.9 lb. per head per day when dairy cows 
were supplementally fed 0.25 lb. per day of a modified dried salfite waste liquor from 
paper pulp manufacture. This 4-mo. field trial included 171 control and 143 treated 
cows in 12 herds, each of which was divided between the two groups. Gluconie acid, 
a constituent of the modified sulfite waste liquor, was attacked very slowly by rumen 
microorganisms and is not a common constituent of dairy cattle feeds. When two 
groups of five cows each were fed 0.125 lb. per day of calcium gluconate in a reversal 
design with two 28-day periods, the treatment increased fat-corrected milk by 1.5 lb. 
per cow per day (P < 0.01). The calcium gluconate feeding resulted in a slightly 
greater weight gain. 





Large amounts of waste liquor vesult from the sulfite pulping method for 
obtaining paper-making fibers. This liquor contains partially hydrolyzed car- 
bohydrates and organic acids which can be purified, neutralized, and dried. 
Such a product was used in these trials and will hereafter be referred to as 
Maracarb.’ Preliminary trials established the safety and sufficient palatability 
of Maracarb. Gluconie acid was shown to be qualitatively present in Maracarb. 
The present study was undertaken to determine the effect of feeding Maracarb 
and ealeium gluconate on milk production. 


EXPERIMENTAL PROCEDURE 


The effect of Maracarb on digestibility was determined by feeding four 
dry Holstein cows a ration of 20 lb. timothy hay plus 8 lb. of a grain mixture 
consisting of 83% ground corn, 15% soybean oil meal, 1% trace mineralized 
salt, and 1% dicaleium phosphate. This ration was fed for 17 days while 0.5 
lb. grain was replaced with 0.5 lb. Maracarb during an alternate 17-day period. 
Feces and urine were collected during the last seven days of each period. 

Products of ruminal fermentation were determined by incubating 200 ml. 
of rumen liquid plus 1 g. of Maracarb, glucose, or potassium gluconate at 39° 
in an Erlenmeyer flask connected to a gas burette. Control flasks were incu- 
bated simultaneously with the substrates omitted. The fermentation products 
were computed by subtracting the values obtained for the control flasks from 
those with added substrate. The rumen liquid was taken from cows fed hay, 
hay and grain, or fresh alfalfa. In some trials 50 ml. of the rumen liquid was 
replaced by 50 ml. of pH 7.0M/10 phosphate buffer, whereas in other trials 
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0.8 g. glucose and 0.5 g. Maracarb replaced the usual 1-g. quantities. The acids 
were determined chromatographically on silica gel. Carbohydrate was deter- 
mined with anthrone reagent on microbial cells recovered by differential cen- 
trifugation. Cellulose digestion was determined by incubating cells centrifuged 
from 80 ml. of rumen liquid and 100 ml. of the complex buffer of Burroughs 
et al. (1) with various amounts of Maracarb and sufficient ground hay to 
provide 0.15 g. added cellulose. The incubation period was 24 hr. and cellulose 
was determined by the method of Crampton and Maynard (2). Sugar acids 
were determined by the hydroxamate method of Hilf et al. (3) and by paper 
chromatography of the hydroxamates with butanol—acetic acid—water (4:1:5) 
as solvent. 

A field trial was conducted from January through May, 1959, in which a 
total of 12 herds was used. In each of these herds the cows were divided into 
two groups of approximately equal numbers and stage of lactation. The cows 
in the treatment groups were fed 0.25 lb. Maracarb per day as measured with 
a plastic tumbler of appropriate size. The Maracarb was fed either with the 
grain or silage at the discretion of the herdsman. The herds were located in 
five counties and represented a large variety of feeding and management 
practices. The feeding practices were checked at monthly intervals by the 
authors. Dairy Herd Improvement Association records were used to determine 
milk production for the months of February, March, and April. 

In addition, the Ionia State Hospital herd of approximately 48 lactating 
Holsteins was divided into two groups, as described for the other herds. The 
treatment and control groups in the State Hospital herd were reversed at 30-day 
intervals. Blood glucose concentration in this herd and in one of the other herds 
(Ionia Reformatory) where groups were not reversed was also determined at 
30-day intervals. Statistical significance for the State Hospital herd was de- 
termined using the within cow comparison method described in Snedecor’s 
book (4), on page 421. Only the 36 cows which produced in all three periods 
were used in the analysis. 

A group of six Guernsey and four Brown Swiss cows in the University 
herd was divided on the basis of breed and production. These cows were more 
than 100 days postpartum and had previously been fed alfalfa hay, corn silage, 
and liberal grain. The grain mix consisted of 1,300 lb. ground corn, 400 Ib. 
barley, 300 lb. 44% soybean oil meal, and 20 Ib. salt. During this experiment 
they were fed the same hay to appetite, plus 0.5 lb. grain for each pound of 
milk produced above 12 lb. Hay refusals were weighed daily. Calcium gluco- 
nate (0.125 lb/day) was fed to one of the groups during each of the two periods, 
on a reversal basis. One part calcium gluconate was mixed with three parts 
grain and 0.5 lb. of this mixture was fed in place of 0.5 lb. of the regular grain 
to cows in the treatment group. The cows were weighed for three days pre- 
ceding the trial and for the last three days of each 28-day period. Milk was 
weighed daily and samples taken for butterfat determination at the middle 
and end of each period. Production was computed for the last 21 days of each 
period and statistical significance determined as described for the State Hos- 
pital herd. 
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SULFITE WASTE LIQUOR AND GLUCONATE 


RESULTS AND DISCUSSION 


The particular lot of Maracarb used in the digestion trial was found to 
contain 92% dry matter, 28% ash, and 64% organic matter. The organic 
matter was all classified as nitrogen-free extractives by proximate analysis. 
The material was reputed to contain approximately 30% calcium lignosulfo- 
nates, 20% polyhydroxy acids, 20% hemicelluloses, 20% inorganic salts, and 
10% volatile organic acids. The results of the digestion trial are reported in 
Table 1, where each figure is the mean for four separate collections. The dif- 


TABLE 1 
Effect of Maracarb on the digestibility of a timothy hay and grain ration i 











Criteria Control ration Maracarb 
Organic matter (per cent digestible) 62.8 61.8 
Grude protein (per cent digestible) 56.4 56.1 ; 
Nitrogen retention (grams/day) +41.5 +38.9 





ferences between rations were not significant, statistically or practically. 
Gluconic and lactic acids were chromatographically detected among the 
four or five nonvolatile carboxylic acids in Maracarb. Therefore, the fermenta- 
tion products of Maracarb and potassium gluconate were compared with those 
of glucose (Table 2). Maracarb generally yielded fermentation products in- 


TABLE 2 
Products of Maracarb, glucose, or potassium gluconate fermentation by rumen microorganisms 











Potassium 

Maracarb Glucose gluconate 
Gas production* + ++++ + 
CO2/CH, ratio 2/1 2/1 1/2 
Volatile fatty acids* ++ +44 + 
Cell carbohydrate* + +44 + 
Ammonia utilization* + oaeeaae oe 

*+ through ++++ stand for production or utilization in increasing order of magnitude. : 


termediate between those of glucose and gluconic acid, as would be expected 
of a material which is a mixture of fermentable carbohydrates and sugar acids. 
Glucose was fermented with a half-time of about 0.5 hr., whereas the gluconate 
disappeared with a half-time of 3 hr. or more. In the two trials where inoc- 
ulum was taken from cows fed hay and grain, gluconate was not attacked. The 
substrates had little or no effect on the relative proportions of the individual 
volatile fatty acids. It would appear that gluconate is fermented differently 
from glucose and also more slowly. This might explain the differences observed 
between Maracarb and the more common carbohydrate feeds. 

The mean cellulose digestion in ten trials was 50.5% without added Mara- 
carb, whereas this figure decreased to 48.3, 47.8, and 48.5%, respectively, when 
2, 4, and 8 mg. of Maracarb/100 ml. were added. There was no apparent dif- 
ference due to inclusion of Maracarb in the ration of the donor cow. This 
depression of cellulose digestion by Maracarb is what would be expected by 
a substance that can be readily fermented by rumen bacteria. 





1646 R. S. EMERY ET AL 


The mean blood glucose concentration for the 28 treated cows in the Ionia 
Reformatory herd was 39.1 mg/100 ml. versus 37.6 mg/100 ml. for the 30 con- 
trol cows. These values are the means of two bleedings, one in March and one 
in April. The treated and control cows from the Ionia State Hospital herd 
had mean blood glucose levels of 34.5 and 34.2 mg/100 ml., respectively, and the 
difference was not significant. 

The milk production from the 12 herds (171 control and 143 treated cows) 
in the field trial indicated that the feeding of Maracarb increased milk pro- 
duction by an average of 1.9 lb. per cow per day (Table 3). Milk production 


TABLE 3 


Effect of Maracarb and ecaleium gluconate on average daily milk and fat production 





Control Treatment 





Number of Number of 
records Milk Fat records Milk Fat 


(1b.) (%) (lb.) (%) 
12 herds in field study (Maracarb) 413 40.7 3.89 344 42.6 3.83 
Ionia State Hospital herd (Maracarb) 54 33.6" 3.67* 54 36.0° 3.79 
University herd (gluconate) 10 30.3 3.99 10 31.4 4.05 





*These means should not be directly compared, as the difference is only partially attrib- 
utable to Maracarb feeding. 


in the treatment groups of the State Hospital herd was 2.4 lb. per cow per 
day greater than in the control group; however, only 0.64 Ib. of this increase 
ean be attributed to Maracarb, as determined by comparing production of 
individual cows during the treatment and control periods. The 0.64-lb. in- 
erease was significant (P < 0.01). The fat content of the milk was not appre- 
eiably affected. This stimulation of milk production was somewhat greater than 
could be explained on the basis of the digestible energy content of the Maracarb 
if it were utilized with the same efficiency as grain. Each cow in the State Hos- 
pital herd was fed good-quality alfalfa hay to appetite and 30 to 35 lb. each 
of corn silage and mangels, plus 1 lb. grain for each 4 lb. of milk produced. 
[t would be difficult to increase production by feeding more energy at this 
high plane of nutrition. The sugar acids were the only known constituent of 
the Maracarb not normally present in dairy cattle rations. These results sug- 
gest a lactation-stimulating effect of sugar acids such as gluconie acid. 

Calcium gluconate (0.125 lb/day) increased milk production on an average 
of 1.1 lb/day and increased the butter fat test 0.06% (Table 3). When milk 
production is expressed on a 4% fat-corrected basis, gluconate increased pro- 
duction by 1.5 lb. per cow per day (P < 0.01). The cows received liberal grain 
according to production, and daily hay ingestion averaged 21.5 and 21.6 lb., 
respectively, for the gluconate-fed and control cows. The cows gained an 
average of 34.6 lb. during the gluconate feeding periods and 17.9 lb. during 
the control periods. Therefore, the stimulation of milk production can not 
be attributed to increased energy intake or loss of body weight. 
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GRASS SILAGE QUALITY AS AFFECTED BY CROP COMPOSITION 
AND BY ADDITIVES! 


J. G. ARCHIBALD, J. W. KUZMESKT, anp 8S. RUSSELL 
Massachusetts Agricultural Experiment Station, Amherst 


SUMMARY 


One hundred and two lots of silage and the green crops from which they were made 
were analyzed and the results were then subjected to simple and multiple correlation 
analysis, to ascertain what influence (if any) the composition of the green crop had on 
the quality of the resulting silage. Water content of the green crop was of most im- 
portance in this respect except when chemical additives were used. Sugar content was 
of some significance, but chemical and carbohydrate additives had greater influence on 
silage quality, as indicated by relatively high lactic acid content of the silage and rela- 
tively low pH, butyric acid, and volatile bases. 





Numerous investigators have stressed the importance in the ensiling process 
of the percentage of dry matter in the green crop. Several (1, 6, 7, 8, 10) have 
reported in detail the composition of the green crop. Wilson and Webb (12) 
recognized the importance of the sugar content of plants for making silage, and 
reported values for a number of different species. Some values for sugar have 
also been reported from this station (3), but they were for green crops after 
chopping and the addition of preservatives (if any). Watson and Ferguson 
(11) and Allen et al. (1) have compared composition and digestibility of the 
green crop and the resulting silage. Peterson et al. (9) made a study of dry 
matter, the several forms of nitrogen, and carotene in the crop and in the 
silage. However, no attempt seems to have been made to correlate any of these 
relationships. This paper reports results of a study of possible relationships 
between the composition of green forage crops and the quality of the silage 
made from them. 

EXPERIMENTAL PROCEDURE 


Several years ago this station adopted the procedure of systematically 
sampling and analyzing all lots of green fodder that were stored in our experi- 
mental silos. Wherever possible, green crop and resultant silage were identified 
by the buried bag technique. This was possible in all silos except a glass-lined 
steel structure equipped with unloader. Bags could not be buried in this silo 
because of subsequent entanglement in the unloader. However, a reasonable 
approach to identity of green crop and resulting silage in this silo was attained 
by taking the same number of silage samples as there were lots ensiled, noting 
weight of the ingoing lots, and checking these against weights of silage as fed 
out. Analyses made of the green crops included moisture in the fresh samples, 
fodder analysis, and sugar in the dried and ground samples. Analyses of the 
silage included moisture, pH, protein, lactic, acetic, and butyric acids, and 
volatile bases in the fresh silage, and fodder analysis (exclusive of protein) in 
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the dried and ground samples. All samples were dried in a rapidly moving air 
current at 80°C. Moisture was determined by the Sterling-Bidwell toluene 
distillation method, fodder analysis by the methods of the A.O.A.C. (5), pH 
by use of a Beckman pH meter using a glass electrode, sugar by the Lane and 
Eynon method (5), silage acids and volatile bases by the methods described 
by Watson and Ferguson (11). 


CORRELATION STUDIES 

Data are available from 102 lots of silage and the corresponding green crops. 
Forty-five of the silages were made without a preservative or conditioner. The 
various additives used in the other fifty-seven have been divided into three 
groups designated as: chemical, carbohydrate, and fibrous conditioner. The 
first group includes sulfur dioxide gas, sodium meta-bisulfite, and caleium 
formate—sodium nitrite. The second includes molasses, hominy feed, ground 
corn, ground wheat, a 14% grain mixture, and citrus pulp. The third includes 
oat mill feed and ground corn cobs. 

Zarlier studies at this station (4) have shown that the criteria which 
indicate quality (good or poor) in grass silage from the standpoint of organo- 
leptic and laboratory tests are: pH, and content of volatile bases, butyric acid, 
and lactie acid. High values for lactic acid indicate good quality silage; high 
values for the other three criteria are an indication of poor quality silage, at 
least insofar as odor, texture, and dry matter losses are concerned. Values for 
these have been statistically correlated with the following constituents in the 
green, unensiled crop: water, protein, fiber, N-free extract, and total sugar. 
Simple (r) and multiple (R) correlations were computed assuming straight 
line relationships. Composition of the green crops and the resulting silages 
classified according to additive used are given in Table 1. Differences in compo- 


TABLE 1 
Averages of green crop components and measures of silage quality for silages made with 
and without additives ' 
University of Massachusetts 1952-57 


Type of silage 











Additive 

Green crop , : 

components None Chemical Carbohydrate Fibrous * 
Number of silages 45 23 23 11 
Water (%) Tha 4: EG 76.62 .8* 69.8 2.1* 74.32% 5 
Protein (%) M46 40+ 3 13.3 + 7 meas & 
Fiber (%) rf he at oa ss £ So i1i°°* 2 oF * 
N-free extract (%) a7 46%* 4662 J%* 46> 2B 45.32 .6°° 
Sugar (%) Mae 2&*° tse #* Ws I 34+ goehe 
Measures of silage quality 
Lactic Acid (%) Lis 3° ts 2° 59+ 1.0° 4 Bt: Se 
Butyriec Acid (%) 362 4" ifs s* 2a oF Ss 2 
Volatile bases (%) iis: 2" = a 0s a** Lex: oe 
pH 5.0 4.2 4.4 5.4 
Water as sampled (%) 72.424 1.4 “at OC” Ora 12 232 £ 





‘ All values except those for water and pH are expressed on the dry matter basis. 

* Oat mill feed and ground corn cobs. 

ab, e, 4° Values with the same letter are significantly different (p< .05). Italicized 
letters indicate values significantly different at or beyond the 1% level. 
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sition between the several groups that were significant (P < .05) or highly so 
(P < .01) or better) are listed in an appendix to the table. 


DISCUSSION 


There were numerous significant differences between the groups in the 
composition of the green crops and of the resulting silages. The great majority 
of the highly significant differences in the green crops were in nitrogen-free 
extract and sugar, especially so as between the no additive group and the chem- 
ical and carbohydrate groups. In the silages almost all of the highly significant 
differences were in lactic and butyric acid and volatile bases. Here the con- 
trasts were chiefly between the no additive and fibrous groups on the one hand 
and the chemical and carbohydrate groups on the other. It appears from these 
marked contrasts that chemical or carbohydrate additives were the primary 
determinants of silage quality. 

Since the composition of the green crops where additives were used was 
determined after they had been added, it seems probable that the highly sig- 
nificant differences in fiber, N-free extract, and sugar between no additive and 
carbohydrate additives is due to the influence of the relatively large amounts of 
carbohydrates added. However, a similar situation was true where chemical 
additives were used, the amounts of which were relatively small (less than 
10 lb. per ton of green crop). It appears, therefore, that there must have been 
basically considerable differences in composition of the different groups. What 
effect did these differences in green crop have on the resulting silages? 

Table 2 shows the simple and multiple correlations between the several 
entities in the green crop and those constituents of the silage noted on p. 1649 
as having a bearing on silage quality. There were more significant relationships 
when additives were not used than when they were. The component of the 
green crop which had the highest relationship to quality measures was water. 
This was especially true when no additive was used, it also existed when addi- 
tives high in carbohydrates were used, but was absent when chemical additives 
were used. Sugar content of the green crop showed some relationship to quality 
in the multiple correlation analyses. A relationship between sugar and lactic 
acid existed when chemical additives were used. (It should be noted that the 
relationship noted above between water in the green crop and quality in silage 
was inverse, i.e.: it was negatively correlated with lactic acid (the indicator 


of good quality) and positively with butyric acid, and volatile bases, excessive 


amounts of which indicate poor quality. ) 

Fiber showed several significant simple correlations but only one significant 
multiple correlation (cf., butyric acid). Such a shift indicates that other fac- 
tors associated with fiber account for the simple relationships; when their inde- 
pendent effect is measured separately, the apparent, inverse relationship be- 
tween fiber and lactic acid, ete. disappears. 


* Fibrous additives were not dealt with separately in the statistical analysis because of 
the relatively small number of observations. 
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TABLE 2 
Significant (5% level) simple and multiple relationships of the components of green crop 
ensiled and quality measures of silage produced 
University of Massachusetts crop years, 1953-58 








Components in green crop 


N-free 

Quality Water Protein Fiber Extract Sugar 
measures r B r B r B r B r B R 

No additive 45 Observations 
Lactie Acid —.70* —.63° 16 34 —.06 33 09 —.05 36" .28° .75° 
3utyrie Acid 63° .59° .24 01 —Ie —45° —2e .09 —.25 27 74° 
Volatile bases 65" .62° 33° .22 25" 28 -30 -—.09 —29 -23” 19° 
pH 23 .24 A7* I -— —2 =i “ae ~08 -—.38 .60* 
Water in silage  .89" Pi ier -,001 —.20 06 —24 = ae .92* 

Chemical additives 23 Observations 
Lactie Acid — 08 07 53: —238 -.58* —.48 30 —.62 ee 4 I? 
Butyrie Acid —— =A i 35 35 02 ~.14 57 —ia: ae 50 
Volatile bases ee — Oe 34 10 31 .03 50 —. ae ol 
pH —22 —.30 ~.26 36 .25 56 09 ae 8 —6 ih 
Water in silage .11 -.03 13 39 .03 25 —.03 38 —A5 “ae .28 

High carbohydrate additives 23 Observations 
Lactie Acid —2e. 44° 99 “45° 16 20 .08 04 12 = .64 
Butyrie Acid 36 .89" “OF -.O7 .09 13 ~~ Ee .28 -ip OT 58 
Volatile bases .64 80" Se —is -.18 .23 — 23 3 1 a IS 
pH 16 ee: -m —a5 42 .83 — 31 a -al. 5 a 
Water in silage  .86 90" i 2 ~-2ab 6 —- —66' -—M —32 —05 8¢ 








* Significant values. 8 is the standard partial regression coefficient. RK is the multiple 
correlation coefficient. 


In general, it may be coneluced that green crop components were least 
associated with quality measures when chemical additives were used, and that 
water in the crop had the most significant relationship (in an inverse sense) 
with quality in silage. 

The relationship between sugar in the green crop and lactic acid in the 
silage is worthy of passing mention. Considerable variations were noted in the 
sugar content of the unensiled crops which did not appear to be due to varia- 
tions in stage of maturity or kind of crop (species). Recalling the relationship 
between sugar and photosynthesis, and also the fact that rate and extent of the 
photosynthetic reaction is closely tied to weather conditions during the growing 
season, it was thought worth while to see what correlations might exist between 
certain weather phenomena and sugar content of the crops to be ensiled. Amounts 
of bright sunshine and rainfall, and mean temperature, were thus correlated 
with the following results: 


1. Amount of bright sunshine in the previous day or two (r= .25*) ap- 
peared to have more influence on sugar content of the green crops than 
the amount to which they were exposed for a week (r=.15) previous 
to harvest. 


2. Rainfall for 2 wk. previous to harvest appears to have had a negative 
influence on sugar content, (r= —.25*). 
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Mean temperature for a week previous was the factor that seems to have 
largely influenced sugar content. The minus correlation (r= —.58) was 
highly significant. It appears that low temperatures favored accumula- 
tion of sugar in these crops. 


It is also of interest to note that when 12 of the 59 samples available 
for statistical analysis were excluded because of their predominantly 
legume character, the same correlation (r= -—.58) existed as when all 
59 were lumped together, and that this value was still highly significant 
although the degrees of freedom were substantially less. In other words, 
legumes and grasses were affected to about the same degree by mean 


temperature. 


The effect of mean temperature for one and two days previous to harvest 
with correlations of —.34 and —.38, respectively, although not as marked 
as when a whole week previous was the criterion, was still significant at 
the 1% level, and shows an indication of cumulative effect in the slightly 
larger value for the two-day period. 


appears that relatively high sugar content of the green crop was of some 


value in improving silage quality and the multiple regression analyses indicate 


that it had more effect when chemical additives were used. 


The practical conclusions that can be drawn from this study appear to be: 


1. 


Water content of the crop at ensiling time was of major importance in 
determining the quality of the resulting silage. High water content (75- 
80% or more) was significantly correlated with those silage constituents 
which are indicators of poor quality, viz.: butyric acid and volatile 
bases ‘ammonia ef al.). The exception to this occurred when chemical 
additives such as sodium metabisulfite and calcium formate—sodium nitrite 
were used; these additives produced good silage despite high levels of 
water in the crop. They did not, however, check losses due to run-off. 


Additives are of primary importance to silage quality, but sugar content 
of the green crop was of some importance, being correlated with lactic 
acid in two groups of samples (no additive and chemical additive) and 
showing an inverse relationship to volatile bases where no additive was 
used and with carbohydrate additives. 


Sugar content of the crop was influenced by weather conditions, accumu- 
lating during a spell of cool, dry days. This situation may partly explain 
why at times good silage can be made without an additive and at other 
times not. 


Materials high in sugar or other readily fermentable carbohydrate appear 
to accomplish the same purpose. They include molasses, ground cereal 
grains, hominy feed, and citrus meal. 
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TECHNICAL NOTES 


FACTORS AFFECTING RATIOS OF CO.: CHy IN BOVINE 
RUMEN GAS 


On the basis of several categories of evi- 
dence which indicate that the CO. reduction 
system is the major pathway of rumen meth- 
anogenesis, it can be postulated that the ratio 
of CO.: CH, in rumen gas ean be altered by 
inereasing the H. pressure in the rumen. Sim- 
ilarly, if acetate appreciably contributes to 
rumen methane, the addition of pD-limonene, 
which inhibits acetate-utilizing methane bac- 
teria (1, 2), also should alter the CO.: CH, 
ratio. Data from experiments designed to meas- 
ure the ratios of CO,.: CH, in rumen gas as 
affected by ration and digestive chronology, 
and to deseribe the effects of added H, and 
p-limonene on these ratios, are reported herein. 

All trials were performed with a 12-yr.-old 
Guernsey cow except those involving the use 
of H,, which were conducted on a 4-yr.-old 
Holstein cow. Both animals were fitted with 
a plastic cannula. Feed was withheld for 12 
hr. prior to each trial. The animals then were 
fed weighed amounts of alfalfa hay and a 
13% protein concentrate mix containing ground 
corn and oats, wheat bran, soybean meal, and 
added minerals. After a 2-hr. feeding period 
the remaining ration was removed and weighed, 
and gas collection was resumed. Water was 
available to the animals at all times. p-Lim- 
onene, when used, was fed in the concentrate 
portion of the ration. Hydrogen, when used, 
was sparged through the rumen ingesta by 
forcing high-purity commercial tank gas 
through a double Tygon tube inserted through 
the cannula stopper and anchored over the 
rumino-reticular fold by a 300-g. weight posi- 
tioned in the reticulum. 

Gas expelled through the fistula by the nor- 
mal contractions of the rumen was collected by 
means of plastic tubing leading from the can- 
nula stopper to a fluid trap and, thence, through 
a one-way flutter valve assembly into a 30-L 
Douglas bag. Samples usually were removed 
and the bag completely emptied every half 
hour. Samples are designated by the time of 
removal, and thus represent only the gas ex- 
pelled during the period ending with the sam- 
pling. Gas composition was measured by ab- 
sorption-combustion procedures on a Model 
35-802 Burrell apparatus, using 100-ce. samples. 

The data summarized in Figure I show that 
the ratio of CO,: CH, in rumen gas was not 
constant, but varied in a regular manner with 
time after feeding. In general, the ratio was 
narrowest (0.73-1.72 CO.:1 CH,) after a fast 
of 12 hr. or more, and was widest (2.92-3.71 
CO.: 1 CH,) between 1 and 2 hr. after feeding. 
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rig. 1. Variation in COs: CH, ratio of rumen 
gas immediately after feeding. 


After this period the ratio narrowed, until 
approximately the fourth hour, when it again 
widened. For clarity of illustration, only three 
of six trials are shown in Figure 1. Although 
the CO,: CH, ratio varied between trials, in 
each of the six trials and in four additional 
trials the primary peak ratio at 1 to 2 hr. 
was followed by a secondary peak, which ap- 
peared between the fourth and sixth hour. 
Figure 2 summarizes the changes in CO,: CH, 
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TIME AFTER FEEDING ( HRS.) 
Fig. 2. Variation in COs: CHy ratio of rumen 
gas during 26 hr. after feeding. 


ratio observed over one continuous 26-hr. period. 

The data showing changes in composition of 
rumen gas oceurring immediately after feeding 
agree with the observations of Washburn and 
Brody (3), who reported that the changes in 
the CO.: CH, ratio immediately after feeding 
followed the fluctuations in the time curve of 
CO, rather than CH,. We were unable to find 
previous mention of the secondary widening of 
the CO.: CH, ratio which was observed in each 
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of 11 trials. Gas composition as measured by 
CO.: CH, ratio also was affected by the type 
of ration fed. The peak ratio of CO.: CH, im- 
mediately after feeding was always higher and 
approached 3:1 when the ration contained 
roughage, in contrast to ratios ranging from 
1.6:1 to 2:1 when only concentrate was fed. 
Sparging the rumen ingesta with H, for 6 hr. 
atter feeding alfalfa hay ad lib. did not sig- 
nificantly alter the CO.: CH, ratio when these 
values were compared to control values. The 
mean concentration of H, in rumen gas sam- 
ples during the three trials was 22%. Hydrogen 
was not detected in 17 of 23 samples of gas 
collected during two control trials. The mean 
concentration of H, found in six samples of 
normal rumen gas was 0.4%, and the range 
from 0.2 to 1.0%. The addition of p-limonene 
in concentrations toxic to acetate utilizing meth- 
ane bacteria did not appreciably alter the ratio 
of CO,: CH, in rumen gas. 


EFFECT OF SUPPLEMENT 


ON GROWTH OF 


Reports on the effects of supplementary en- 
zymes on growth are variable. Fries et al. (3) 
found that addition of enzymes, including pep- 
sin, to the diet of young calves did not improve 
growth rates on various types of milk replace- 
ment formulas. Rateliff et al. (5) showed that 
pepsin and animal diastase supplementation of 
whole milk and gruel rations did not improve 
the performance of calves to 10 wk. of age. 
Lassiter et al. (4) found that addition of 
pepsin to various skimmilk replacement formu- 
las slightly depressed the growth rate of calves. 
The supplemented calves consumed less starter 
and more hay and required more feed per 
pound of gain than did control calves. Using 
larger animals, however, Burroughs et al. (2) 
found that addition of a fermentation enzyme 
product resulted in a significant increase in 
live weight gains of steers. When the rations 
were high in silage or dry corn, feed efficiency 
appeared to be improved by the enzymes, 
though digestibility of the feed was not af- 
fected. Burroughs (1) observed no_ benefits 
to steers when enzymes were added to corn 
containing 19 to 30% moisture, whereas sig- 
nificantly improved gains occurred with en- 
zyme supplementation to a ration of corn con- 
taining less than 14% moisture. 

For the present experiment, 40 healthy Hol- 
stein, Jersey, and Guernsey heifers were se- 
lected in the Florida Experiment Station herd 
and divided into two comparable groups dur- 
ing an experimental period of 90 days. 

Six dallisgrass pasture plots equipped with 
shelters, water cups, and concrete feeding areas 

‘Florida Agricultural Experiment Station Ser- 
, No. 1082. 
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ARY DIGESTIVE ENZYMES 


DAIRY HEIFERS! 


were used. At intervals of 2 wk., each group 
was moved to a fresh area; the two vacated 
plots were mowed, shelters were cleaned, drop- 
pings were scattered, and identical fertilizer 
applications were made as the need was indi- 
cated by observations and soil tests. 

The basal concentrate ration consisted of the 
following ingredients in parts by weight: corn, 
300; cottonseec meal (41% protein), 200; cit- 
rus pulp, 300; dried brewers grains, 100; and 
wheat bran, 100. Salt, steamed bonemeal, and 
calcium carbonate each were included at a 
level of 1%; additional salt, bonemeal, and a 
mineral mixture containing iron, copper, and 
cobalt were available free choice. Five pounds 
of concentrates during the first month and 
6 lb. in the second and third months were sup- 
plied per head daily. Good quality hay was 
available at all times and oceasionally corn 
silage was offered to both groups. 

The experimental concentrate feed contained 
a fermentation enzyme product at a level cal- 
culated to supply protease and diastase in the 
amounts previously reported (2). In addition, 
a gum-splitting enzyme was included. 

Average of body weights on two succesive days 
was determined at the beginning of the experi- 
ment in July, 1959, and at subsequent 30-day 
intervals. Fitting of orthogonal polynomials 
showed that cumulative changes in body weights 
weve linear; quadratic and cubie growth pat- 
terns were not significant. 

Analysis of variance showed that treatment 
effects were not significant. On a within-breed 
basis, however, Holsteins gained at a rate sig- 
nificantly greater than the controls. Covariance 
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TABLE 1 
Effect of enzyme supplementation on growth of dairy heifers 
Initial weight 90-Day weight Average daily gain 
— Treatment 
Breed Animals Control Treated Control Treated Control Treated effeet 
(No.) + I} + -- > > 
Jersey 20 264 267 362 363 1.091 1.062 —-0.029 
Holstein 12 470 465 610 641 1.556 1.954 +0.398** 
Guernsey 8 307 306 436 437 1.431 1.447 +0.016 
Over-all 40 335 335 451 461 1.289 1.400 +0.111 
**P < 0.01. 
adjustment for differences in initial weights J. M. Wine 
was not significant. AND 


Examination of the treated Holstein group 
showed that much of the apparent superiority 
of this group was due to unusual growth of 
two heifers which gained 52 and 57 Ib., re- 
spectively, more than the others in the same 
treatment group. It seemed doubtful that this 
fact had practical significance. Very little of 
the systematic causes of variation could be 
attributed to treatment; neither treatment ef- 
fects nor treatment x breed interactions were 
significant. 

These results were not necessarily in conflict 
with previous reports, which showed favorable 
responses from the addition of supplementary 
enzymes. No attempt was made in the present 
study to duplicate previously reported feeding 
conditions. Where full concentrate feeding is 
used, enzyme mixtures may prove to be profit- 
able feed additives. However, dairy heifers 
usually are not fed to maximum capacity. At 
normally accepted feeding levels, with appro- 
priate use being made of roughage and suceu- 
lent forage, the value of supplementary di- 
gestive enzymes seems questionable. 
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AND CHLORTETRACYCLINE IN 


THE DIET OF YOUNG CALVES? 


Under most conditions chlortetracycline stim- 
ulates growth and efficiency of feed conversion 
in young ealves, possibly by control of sub- 
clinical infections (3). Isoniazid enhances the 
effect of streptomycin on pathogenic organisms 
(1). The present work was undertaken to de- 
termine if isoniazid and chlortetracycline are 
synergistic or additive in promoting well-being, 
as reflected by growth and efficiency of feed 
conversion in young calves. 

New-born calves were allocated to four di- 
etary groups on the basis of body weight, 
height at withers, breed, and sex. Each group 
consisted of three Guernseys (two males and 
one female), seven Jerseys (four males and 
three females), and one Holstein female. 
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Experimental subjects were removed from 
their dams after nursing onee. They were con- 
fined to individual pens and offered chopped 
alyceclover hay, and dry mixed concentrates, 
free choice. The concentrate mixture consisted 
of: ground shelled corn, 300 parts; ground 
oats, 250 parts; wheat bran, 100 parts; cotton- 
seed meal (41% protein), 130 parts; nonfat 
dry milk solids, 100 parts; common salt, 8.5 
parts; and steamed bonemeal, 17 parts. 

A milk allowance of 9% of body weight, 
corrected at weekly intervals, was offered in 
two equal portions daily according to the 
following schedule: one through four days, 
colostrum only; five through 21 days, 4 colos- 
trum and 1% reconstituted skimmilk; 2]. through 
60 days, reconstituted skimmilk only. 

Nipple pails were used during the first 3 wk.; 
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thereafter, feeding was from open pails. The 
colostrum was frozen in quart-size bags and 
thawed as needed. The skimmilk was reconsti- 
tuted at the rate of 1 lb. of air-dry solids per 
gallon. Fifteen thousand I. U. of vitamin A 
in a dry earrier were dispersed in each 9 lb. 
of milk. 

Calves in Group 1 received no additional 
supplements. The calves in Group 2 received 
chlortetracycline ;* in Group 3, isoniazid ;* while 
those in Group 4 received both supplements. 
These materials were dispersed in the milk in 
amounts of 5 mg. of chlortetracycline and/or 
10 mg. of isoniazid per pound of milk. Each 
calf was weighed, and measured to determine 
height at withers at four days of age and sub- 
sequently at weekly intervals. Other records 
included daily feed consum?**>u and observa- 
tions on general appearance and health. 

No seouring was observed and all calves 
were thrifty. Animals in Group 4 appeared 
more alert, hungrier at feeding time, and pos- 
sessed glossier hair coats than the subjects in 
any other group. 

Although completely balanced for breed and 
sex, small differences in initial weights and 
heights existed. Data were analyzed by stand- 
ard covariance techniques to avoid this poten- 
tial source of bias. Covariance adjustments 
were significant for weight gains but not for 
height gains. Significance of adjusted treat- 
ment effects was tested by the Dunean Mul- 
tiple Range test (2), as modified for covariance. 

Differences in changes in height at withers 
were negligible. Groups 1 and 2 each gained 
an average of 9 em., and the mean gain for 
each of Groups 3 and 4 was 10 em. 

In hody weight, the average gain adjusted 
by covariance was 53.1 Ib. in the control group. 
Supplementation with chlortetracycline (Group 


“Supplied by Lederle Laboratories, Pearl River, 
New York. 

‘Supplied by Hoffmann-LaRoche, Ine., Nutley, 
New Jersey. 
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2) or isoniazid (Group 3) alone resulted in 
respective group-mean gains of 58.6 and 56.4 
lb. These gains were not significantly superior, 
statistically, to those made by the control calves. 
Animals which received both supplements 
(Group 4), however, gained an average of 62.6 
lb., a difference from the controls which was 
significant at P = 0.05. 

The possibility of there being a synergistic 
effect (a positive interaction) between isoniazid 
and chlortetracycline was examined, utilizing 
covariance techniques applicable to factorial 
experiments. The resulting interaction was ex- 
tremely small and not significant. Since the 
additive effects of chlortetracyeline and _ iso- 
niazid alone (5.5 and 3.3 lb., respectively) were 
about equal to the Treatment 4 effect (9.5 Ib.), 
this could be expected. 

Environmental conditions were exceptionally 
good, as indicated by an average adjusted gain 
of 53.1 Ib. in body weight made by the control 
group. Possibly, the extended use of colostrum 
provided antibodies which prevented infections 
that normally inhibit growth. This may explain 
the failure of either chlortetracycline or iso- 
niazid alone to exert a significant effect on 
growth. Under conditions of this experiment, 
it seems reasonable to conclude that a combi- 
nation of isoniazid and chlortetracyeline was 
superior to either alone. 


J. M. Wine 

P. T. D. ARNOLD 

Department of Dairy Science 
University of Florida 
Gainesville 
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TABLE 1 


Relation of supplementation with chlortetracyeline and isoniazid alone or in combination to 
feed consumption and growth in caives 


Average feed 


Mean body Mean height 





consumption weight at withers 
Diluted Skim- Coneen- Adjusted 
Group colostrum milk Hay trates Tnitial gain* Initial Gain 
: —({id.} (em.) 
1 100 311 10 59 62 53.1° 68 9.0” 
2 99 312 21 57 61 58.6" ° 69 9.4” 
3 96 303 16 52 61 56.4°'° 70 9.4” 
4 107 345 15 69 65 62.6° 70 9.9” 


“ Adjusted for differences in initial values by covariance. 
© Values with similar superseripts do not differ significantly. 
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AREA MEASUREMENT OF RAT MAMMARY GLANDS! 


The mammary gland of the vat is flat; ex- 
cept during late pregnancy and lactation, it 
has no essential depth. Excluding these two 
periods, the surface of the gland is approxi- 
mately its area. When studying those factors 
which influence duct growth, the variation of 
gland area may be regarded as the response. 
To determine mammary gland area adequately, 
only one means has been described which is 
not subject to morphological changes of the 
gland and can be used to advantage for sta- 
tistical comparisons. This procedure entails 
either tracing the perimeter of glands on cello- 
phane, which is later placed over graph paper 
(1) or on paper, and determining the area with 
a planimeter, or tracing the outline of magni- 
fied images of smaller glands on graph paper 
(2). The graphed squares within the traced 
lines are counted and, if magnification was 
used, the result is divided by the appropriate 
foeal length. The area thus determined is, 
however, subject to slight inaccuracy if por- 
tions of the graphed squares must be estimated ; 
possible errors in tracing can also introduce 
inaccuracy. The present paper describes a 
technique which eliminates graphed square 
counting and the necessity of tracings. 

Mammary glands mounted in balsam on glass 
slides are placed on a glass plate in the negative 
holding chamber of a photographic enlarger. 
A 1.0-sq. em. cut from the center of a paper 
is placed on the glass slide holding the gland. 
The image of this square is brought into sharp 
foeus on the hole in the paper placed on the 
photographing surface to establish an approxi- 
mate magnification of one. No magnification 
has to be established, although it was found 
to be convenient. When the desired image is 
established, the focal length is left undisturbed 
for the remainder of the photographing se- 


*Paper of the Journal Series, New Jersey Ag- 
ricultural Experiment Station, Rutgers—The State 
University, 
Brunswick. 


Department of Dairy Science, New 


quence. Negative pictures are then taken and 
in each picture the 1-sq. em. standard, along 
with the glands, is photographed. The photo- 
graphed glands and l-sq. em. standard pic- 
tures are then cut from the photograph, with 
either fine scissors or a sealpel-type instrument, 
and weighed on an analytical balance; the 
weights of the pictured glands are then inter- 
polated to actual areas, using the weight of 
the 1-sq. em. picture as the base. 

To define the accuracy of this procedure, 25 
geometric figures not exceeding 2.5 em. in any 
dimension were drawn. These figures were pho- 
tographed along with a 1-sq. em. standard and 
measured by the procedure deseribed. In ad- 
dition, the originally drawn figures were meas- 
ured by counting the graph paper squares 
covered by the figures, and their areas also 
calculated by mathematical formulas appropri- 
ate to the figure. These three measurements 
were then subjected to an analysis of variance 
(3) to determine whether any variation ex- 
isted among the measurement techniques. The 
statistical analysis showed that the variation 
among techniques was nonsignificant, and that 
the graph paper and photographie methods 
were, thus, equally accurate. 

Gorpvon J. MacpDONALD 

RauPpH P. REECE 

Department of Dairy Science 
Rutgers—The State University 
New Brunswick, New Jersey 
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STUDIES ON THE REMOVAL OF STAPHYLOCOCCUS AUREUS FROM 
MILK-CONTACT SURFACES BY ULTRASONIC CLEANING 
METHODS 


E. B. MASUROVSKY anp W. K. JORDAN 
Department of Dairy Industry, Cornell University, Ithaca, New York 


As the dairy and food processing industries progress to ever higher degrees 
of automation in all phases of plant operation, the need for more effective and 
labor-saving means of performing the essential tasks of plant clean-up becomes 
increasingly important, both from the sanitation and from the economic 
standpoints. 

Highly integrated, continuous processes running on carefully timed cycles 
call for quick, efficient methods of between-runs cleaning—a minimum of 
take-down and man-hours, and a maximum of CIP procedures. One such CIP 
system which offers great promise in certain applications for the cleaning of 
dairy-food processing equipment is a system based upon the ultrasonic irradia- 
tion of a cleaning solution which is in contact with the equipment surface 
energy emanating from mechanical vibra- 





being cleaned. Ultrasonic energy 
tions of over about 16,000 cycles per second—is transmitted to the cleaning 
solution, where it participates in the removal of soil from the equipment surface 
by inducing cavitation and other physiochemical reactions at the equipment 
surface-cleaning solution interface. These studies were initiated to evaluate, 
from the dairy-food sanitation standpoint, how the factors of: (a) cleaning 
time, (b) type of cleaning solution, (¢) type of soil menstruum, and (d) 
multiple soiling and cleaning of the same surface area influenced the cleaning 
efficiency achieved by a readily obtainable commercial ultrasonic cleaning unit. 

Phosphorus*?-labeled Staphylococcus aureus was incorporated into the soil 
menstrua (a modified Ringer Solution and homogenized, pasteurized whole 
milk), dried down with the soils upon stainless steel, aluminum, Pyrex glass, 
polyethylene (high density), and Teflon surfaces under highly reproducible 
conditions, removed therefrom by ultrasonic irradiation treatments, and as- 
sayed for residual bacteria by submersion in Staphylococcus (Agar) Medium 
No. 110, Bacto-Strip contact, plastic replica-embedding and staining, Geiger 
counting, and autoradiographic techniques. 

The type of cleaning solution and time of ultrasonic irradiation of the 
cleaning bath had a significant effect on cleaning efficiency; however, equip- 
ment surface configuration in the cleaning bath and type of bacterial soil 
menstruum were of paramount importance in the results achieved. As in other 
CIP procedures, soil build-up can be a problem in ultrasonic cleaning if the 
initial soil deposits are not thoroughly removed. The rough surfaces show 
greater capacity for soil build-up, and the kind of surface roughness profile 
determines, to a large degree, the pattern of subsequent growth of the residual 
organisms. 

The results obtained on the removal of whole milk films with the ultrasonic 
unit in these studies, and as reported elsewhere, point to the utility of the 
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phenomena produced by ultrasonically irradiating the type of cleaning solutions 
used in dairy or food processing plants. However, due to the special considera- 
tions inherent in designing ultrasonic cleaning units for different cleaning 
tasks, it is important to consult with the manufacturer of these devices before 
purchasing a unit. Only then can satisfactory performance be reasonably 
expected under plant operating conditions. 


EFFECT OF CHEMICAL ADDITIVES ON THE SPREADING QUALITY 
OF BUTTER. I. THE CONSISTENCY OF BUTTER AS 
DETERMINED BY MECHANICAL AND CONSUMER 
PANEL EVALUATION METHODS 


J. G. KAPSALIS, J. J. BETSCHER, T. KRISTOFFERSEN, anp I. A. GOULD 
Department of Dairy Technology, The Ohio Agricultural Experiment Station, Columbus 


An instrument, the Consistometer, was perfected which determines spread- 
ability of butter by a knife and hardness by a wire. The knife and wire are 
of definite specifications and are mounted at the lowest point of a pendulum, 
as the picture in the main part of the paper illustrates. Results are expressed 
in grams of weight required to pull the knife over, or pass the wire through, a 
certain thickness of butter under the power of a constant-speed motor and 
under standardized conditions of temperature. The testing of a single sample 
usually requires about 2 min. 

The Consistometer was proved on 109 samples of commercial butter, manu- 
factured under a wide variety of conditions, in 14 states across the country. 
The samples were first evaluated by a consumer panel by spreading the butter 
on rye bread with a knife, and classifying it on the basis of a numerical seale. 
The same samples of butter were then measured by the Consistometer. 

Statistical analysis of the data revealed that the Consistometer possessed 
high sensitivity, it was closely reproducible, and it represented consumer 
reaction with regard to spreadability and hardness. 

On the basis of information supplied by the manufacturers of the above 
butter samples, it appeared that the most important processing factors which 
affected the spreadability of the butter samples were (1) the type of cream 
pasteurization, (2) the churning temperature, and (3) the butter storage tem- 
perature. Low-temperature long-time pasteurization which is associated with a 
slower cooling rate than the HTST method, a relatively high churning tempera- 
ture, and a relatively low storage temperature before printing, resulted in the 


most spreadable butter. 


DISTRIBUTION OF BUTYRIVIBRIO FIBRISOLVENS IN NATURE 


DON W. BROWN anp W. E. C. MOORE 
Departments of Biology and of Biochemistry and Nutrition 
Virginia Polytechnic Institute, Blacksburg 


The microorganisms which comprise the major portion of the ruminal flora 
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of the bovine have proven to require special methods for their laboratory 
culture. In view of these requirements and extreme sensitivity of the organisms 
to atmospheric oxygen, the methods by which rumen organisms are transferred 
from animal to offspring or other animals have been questioned. Contamina- 
tion of the feed and muzzle of the caif by saliva or feces from the dam or older 
animals is thought to be an important mechanism for the transfer of rumen 
organisms. However, the development of a normal ruminal flora in isolated 
young ruminants has suggested the presence of other mechanisms of inocu- 
lation. A rumen bacterium, Butyrivibrio fibrisolvens, has been found in feeal 
material from rabbits, horses, and humans. These results indicate that the 
young animal is regularly exposed to suitable microorganisms under normal 
grazing conditions, and also that rumen bacteria may have some physiological 
significance in nonruminants. 


TYPES AND SEQUENCE CHANGE OF BACTERIA IN ORCHARDGRASS 
AND ALFALFA SILAGES 


C. W. LANGSTON anp CECELIA BOUMA 
Dairy Cattle Research Branch, Animal Husbandry Research Division, Agricultural Research 
Center, Beltsville, Maryland 


The types of microorganisms in grass silage have received little attention. 
In attempts to determine quality, emphasis has generally been placed upon 
organoleptic properties, chemical constituents, and feeding trials. Because 
of this, the occurrence of microorganisms at different stages of fermentation 
and their effect on the ensiling process remain relatively obscure. 

In this study, 30 orchardgrass and alfalfa silages were examined. Some of 
the forages were treated with air to provide silages with a range of quality. 
The 3,142 bacterial isolates studied were obtained from silages of different 
quality, cutting, and stages of fermentation. The majority of the microorgan- 
isms belonged to three species, but their occurrence and development showed 
rather wide variations. 

Silages of early cuttings and good quality contained high initial percentages 
of cocci. Later cuttings and poor quality silages usually showed high initial 
percentages of lactobacilli. After a short fermentation period, a rather bal- 
anced flora of cocci and lactobacilli were observed and as the silages aged the 
cocci, with the exception of one group, disappeared and the lactobacilli pre- 
dominated. The final fermentation period in the poor quality silages revealed 
a high percentage of lactobacilli which produced abnormally low amounts of 
lactic acid from carbohydrates. The effect of air upon the silage fermentation 
apparently caused composition changes in the forages which enabled. some 
strains of bacteria to compete more effectively. Even though sufficiently high 
numbers of lactic acid bacteria are present in silage, active metabolism may be 
delayed. This delay in acid production results in a competition between the 
lactic acid bacteria and sporeforming anaerobes for available substrate. 
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CONTINUED PROGRESS TOWARD CONTROLLING BLOAT. A REVIEW 


H. H. COLE anp J. M. BODA 


Department of Animal Husbandry, University of California, Davis 


This review article is designed to inform the reader on the scope of recent 
research relating to the etiology and control of bloat in cattle. 

Overwhelming evidence favors the view that the occurrence of bloat depends 
upon both the nature of the feed ingested and the physiology of the animal. 
Stated differently, bloat depends upon plant and animal factors. 

Let us first consider the so-called plant factors. Legume proteins, in the 
opinion of many investigators, are important in the etiology of bloat on legume 
pasture. Furthermore, the diets for experimentally producing feedlot bloat 
have contained legume hays, and the proteins in this hay, no doubt, are of 
importance. Recently, the breakdown of chloroplast lipids in green legumes 
by microorganisms in the rumen has been suggested as playing a role in bloat 
production. Saponins, pectic substances, and other chemicals also may be 
important etiological factors. 

Lack of sufficient salivary secretion on a fresh legume diet has been proposed 
as an animal factor in the etiology of bloat. Recently, a more copious secretion 
of saliva has been reported in nonbloaters than in bloating animals. 

Evidence continues to accumulate suggesting that plant and animal factors 
exert their effect by influencing the extent of foaming. 

Two new methods for bloat prevention have been developed : 

1. Antibiotics such as penicillin are effective in controlling bloat for short 
periods and their effectiveness can be somewhat prolonged by using different 
drugs in sequence. 

2. Antifoaming agents such as plant or animal oils are effective in pre- 
venting bloat for about 3 hr. following administration. To assure a constant 
supply of oil in the rumen, New Zealand workers are suggesting spraying 
legume pastures with oil. Spraying of oil on freshly harvested chopped green 
legumes also accomplishes the desired result. 


Whether these new methods will be preferred to previously developed 
methods, such as feeding scabrous grass hays before pasturing or sowing 
grasses with legumes, will depend upon management practices. 

Under specified conditions, all of these procedures are effective; the method 
of choice will depend upon a number of factors. In areas where an abundance 
of high quality grass hay is available this approach to bloat control deserves 
consideration. In areas where bloat is a problem for only limited perieds, the 
use of antibiotics may be preferred. If soilage is practiced, vegetable or animal 
fats sprayed on the herbage seem to be highly effective. Spraying of vegetable 
or animal fats on to strips of legume pasture has been the most popular method 
in New Zealand, where grass hays are not readily available, the bloat season 
is relatively long, and soilage is not widely used. 
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MEASURING SELECTIVE GRAZING WITH FISTULATED STEERS 


A. L. LESPERANCE, E. H. JENSEN, V. R. BOHMAN, ann R. A. MADSEN 


Departments of Animal Husbandry and Plant Science, University of Nevada, Reno 


Four individual pasture studies were conducted during 1958. The first 
three were on a Kentucky bluegrass—white clover pasture, and the fourth was 
on a tall feseue—Ladino clover pasture. Rumen- and esophageal-fistulated ani- 
mals were used for sampling. Three to five fistulated animals were used to 
sample the forage every two to three days for each of the four trials. Collected 
samples were analyzed for both botanical and chemical constituents. Cages 
were hand-harvested during all trials. 

Selective grazing was indicated by the chemical and botanical composition 
of the diet. Grasses increased, while clovers decreased, in the animal’s diet 
as the period progressed. This indicates that the animals selected clover over 
grass at the start of the trial and as the trial progressed the clovers became less 
numerous in the available forage and the animals were forced to consume a 
diet higher in grasses. The per cent of protein and crude fiber in the animal’s 
diet by days, and the high corretation between the botanical and chemical 
composition of fistula samples, also were indicative of selective grazing. Small 
changes in the chemical composition of the hand-clipped samples did not 
necessarily follow the same trends as the fistula-collected sample. 

In these trials, there was no agreement between the composition of the 
fistula sample and that harvested beneath cages the same day. Such comparisons 
indicate that clipped samples can not be used to predict the species composition 
of an animal’s diet and are an extremely poor method of estimating the chemical 
composition. 


EFFECT ON MILK PRODUCTION OF CHOPPING MEADOW 
CROP ONCE AND TWICE DAILY 


A. D. PRATT, R. R. DAVIS, anp H. R. CONRAD 
Departments of Dairy Science and Agronomy 
Ohio Agricultural Experiment Station, Wooster 


Isolated fields, unfenced farms, and shrinking acres suggest the practice of 
soilage feeding. Soilage feeding becomes practical when a full load can be 
harvested. If the preliminary preparations for chopping, travel time, and 
chopping a half-load require 45 min., perhaps five additional minutes are 
required to harvest the other half of the load. 

Hoglund of Michigan found by survey that those dairymen who continued 
to feed soilage had 45 or more cows. In experiments conducted at the Ohio 
Agricultural Experiment Station prior to the experiment described here, soilage 
had been cut and fed fresh twice daily to avoid heating and possible undesirable 
effects. To determine whether heating does affect appetite and dry matter intake 
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and, thereby, reduce milk production, an experiment was conducted in which 
15 milking cows were given soilage cut fresh and fed twice per day, while a 
similar group was given soilage from the same field cut once per day but fed 
twice. Sufficient was cut at the morning feeding to carry over for the night 
feeding. Thermometers placed in the pile of soilage showed an average tem- 
perature rise of 11° Fahrenheit for the first 2 wk. After the first 2 wk. the 
soilage was chopped at night and enough was carried over for the morning 
feeding. The greatest temperature rise for this 16-hr. period was 38° F. in 
late July. The average temperature increase for the entire experiment of 111 
days from 8 a.m. to 4 p.m. was 17.3° and from 4 p.m. to 8 a.m. was 31.0° F. Re- 
gardless of this heating, the amount of dry matter eaten was the same for both 
groups and the milk production also was the same. When heating is extreme, 
there appeared to be an effect on appetite, which was probably compensated 
by greater dry matter intake under later, more favorable conditions. In actual 
practice, the cows would eat the majority of their soilage when it was fresh 
and thus reduced the amount that heated. Based on these results we conclude 
that it would not be practical to harvest half-loads twice daily. 

In previous experiments when soilage was fed, three levels of grain feeding 
were used. One group had no grain, a second was fed 0.4 lb. grain per pound of 
Holstein milk above 20 lb. and 0.5 lb. per pound of Jersey milk above 12 Ib. A 
third group was fed at one-half of the above rate. Those on the half rate pro- 
duced as much milk as those on the full rate, but ate more soilage dry matter. 
In this experiment, three levels of grain were used: (1) no grain, (2) half 
grain, and (3) quarter grain. Those on the half grain level produced sig- 
nificantly more milk than those on the quarter grain level, indicating that the 
quarter grain level was not adequate for their needs. The half grain level 
did not prove to be high enough when fed to supplement alfalfa-brome silage. 

When labor is used more efficiently in once-a-day chopping, that practice 


is recommended. 


FURTHER STUDY OF A TURBIDITY TEST FOR QUALITY IN HAY 


J. G. ARCHIBALD, E. BENNETT, ann D. F. OWEN, JR. 
Departments of Animal Science, Chemistry, and Feed Control 
Massachusetts Agricultural Experiment Station, Amherst 


A simple laboratory test for hay quality has been developed at this station, 
which involves measurement of the turbidity (optical density) of specially 
prepared extract of the hay. Results of the test with a large number of samples 
(93) show, on the average, a highly positive relationship between the turbidity 
of the extract and the protein, ether extract, and ash content of the hay, and a 
highly inverse relationship between turbidity and crude fiber content of the 


hay. Milk production trials with 28 of the hays show a positive relationship 
between the turbidity test and average daily milk yield. Further work is needed 
on the test to render it useful for evaluation of individual samples. 
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VITAMIN A AND CAROTENOID INTER-RELATIONSHIPS IN 
BOVINE PLASMA AND LIVER 


R. Il. DIVEN, O. F. PAHNISH, C. B. ROUBICEK, E. S. ERWIN, anp H. M. PAGE 
Animal Science Department, The University of Arizona, Tueson 


More than 560 bovine liver and corresponding plasma samples were ana- 
lyzed for vitamin A and carotenoid content, in order to measure the feasibility 
of predicting one value from another. Relationships among these vaiues were 
computed from data representing four different ages. Statistical analyses sug- 
gested that the following variables were related: plasma carotenoid and liver 
carotenoid, liver carotenoid and liver vitamin A, plasma carotenoid and plasma 
vitamin A, and liver vitamin A and plasma carotenoid. However, the rela- 
tionships were not great enough within sampling age to give any known 
variable sufficient predictive value. Changing the values to their respective 
logarithms did not improve the relationships between any of the variables. 
Although the relationships among the variables were generally low, they did 
vary appreciably in magnitude from one sampling age to the next. 


EFFECT OF CONDITION OF ANIMAL ON THE CREATININE 
EXCRETION OF BOVINE ANIMALS 


H. J. REBHAN anv J. D. DONKER 
Dairy Husbandry Department, University of Minnesota, St. Paul 


From previous reports in the literature one would logically presume that 
condition of animal (fatness) would be related inversely to the creatinine co- 
efficient of the animal. It would then seem possible to get some sort of estimate 
of an animal’s condition by measurement of the daily creatinine output in the 
urine. From this, it would follow that one could then quantitate the energy 
requiremenis for maintenance according to state of condition of the animals. 
From the work reported in this article it would seem quite clear that factors 
other than fatness of animal have an influence on the rate of creatinine excre- 
tion. There were some indications that sex of the animal and metabolic rate 
may have an influence. The data are not extensive enough to give more than 
an indication of some such effect on creatinine exeretion. 


EFFECT OF A MODIFIED SULFITE WASTE LIQUOR AND OF 
CALCIUM GLUCONATE ON MILK PRODUCTION 


R. S. EMERY, C. K. SMITH, T. R. LEWIS, JUNE DEHATE, anp L. D. BROWN 
Departments of Dairy and Microbiology, Michigan State University, East Lansing 


Large amounts of waste liquor result from the sulfite pulping method for 
obtaining paper-making fibers. This liquor is suitable for cattle feeding when 
delignified, neutralized, and dried. Milk production was increased by 0.6 to 
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1.9 lb. per head per day when cows were supplementally fed 0.25 lb. per day 
of this material. The 4-mo. trial included 171 control and 143 treated cows in 
12 herds, each of which was divided between the two groups. 

Gluconic acid was found to be a constituent of the modified waste liquor. 
This acid is not a normal constituent of cattle rations and is resistant to fer- 
mentation by rumen microorganisms. These peculiarities suggested that glu- 
conic acid and closely related substances might be responsible for the increased 
milk production observed above. When cows were supplemented with 0.125 Ib. 
calcium gluconate per head per day, milk production was increased 1.5 lb. per 
cow per day. Weight gains and feed consumption were not altered by the 
treatment; thus, metabolic efficiency was increased. 

These feed additives yielded a small but repeatable increase in milk pro- 
duction. They need to be tested at other levels to determine if the response 
ean be increased. Accurate cost figures are not available, but there may be 


economic advantages to feeding these materials. 


EFFECT OF SUPPLEMENTARY DIGESTIVE ENZYMES 
ON GROWTH OF DAIRY HEIFERS 


J. M. WING anp C. J. WILCOX 


Department of Dairy Science, University of Florida, Gainesville 


Supplementary digestive enzymes have not benefited young calves and 
under some conditions they appear to have been harmful. When the basal 
ration of beef steers contained low moisture corn, increased growth occurred 
with added enzymes, but no benefit was observed when the basal feed consisted 
mainly of high moisture corn. 

The present work involved two groups of 20 heifers averaging 335 lb. at 
the beginning of the 90-day trial. In addition to hay pasture and silage, both 
groups received 5 lb. of concentrates per head daily during the first month and 
6 lb. thereafter. The experimental feed contained enzymes for splitting starch, 
gum and protein. Daily gains of the treated group averaged 1.400 lb., compared 
to 1.289 for the controls. This difference was not significant. 


EFFECTS OF ISONIAZID AND CHLORTETRACYCLINE IN 
THE DIET OF YOUNG CALVES 


J. M. WING anp P. T. D. ARNOLD 
Department of Dairy Science 
University of Florida, Gainesville 


Previous work showed that chlortetracycline frequently stimulated growth 
in young calves. Isoniazid is an antibacterial agent which works well with 
antibiotics and, hence, an experiment was designed to study the effects of the 


two as simultaneous feed additives. 
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Forty-four calves were randomized into a control and three experiment 
groups. One of these (Group 4) was fed both supplements; whereas, one of 
the others (Group 2) received chlortetracycline and the other (Group 3) 
isoniazid. 

All calves received pure colostrum through four days, a mixture of colostrum 
and skimmilk through 21 days, and skimmilk for the duration of the 60-day 
period. Hay and concentrates were available free choice. 

All calves were healthy and the controls gained 53.1 lb., Group 2, 58.6, and 
Group 3, 56.4. These differences were not significant. Group 4 gained 62.6 Ib., 
a difference which was significantly different from the controls at P = 0.05. 
The effect appeared to be additive rather than synergistic. Feed consumption, 
general health, and changes in height at withers did not vary significantly. 


AREA MEASUREMENT OF RAT MAMMARY GLANDS 


GORDON J. MAC DONALD anp RALPH P. REECE 


Department of Dairy Science, Rutgers, The State Univers? . New Brunswick, New Jersey 


The mammary gland of the rat may be measured with accuracy by photo- 
graphing the gland and a standard of known dimensions simultaneously. The 
picture of the gland and standard are cut from the photograph and weighed 
on an analytical balance. The area of the gland is then determined by interpola- 
tion. The described method has been compared statistically to other means of 
measure and is comparably accurate. Moreover, certain innate errors are ex- 
cluded through the use of this photographic technique. 


USE OF DIRECT STEAM INJECTION IN FOOD PROCESSING 


ARTHUR I. MORGAN, J7. 


Western Regional! Research Laboratory, Albany, California 


Direct steam injection is the fastest way of heating liquids. By means of 
the design and operating data given here, milk can be heat-treated with greater 
precision than previously in the same equipment. A simple arrangement is 
suggested which has been satisfactory on a pilot plant scale. Aside from legal 
questions, most of the pertinent data are provided for extending this technique 
to fluid milk. 
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GRASS SILAGE QUALITY AS AFFECTED BY CROP COMPOSITION 
AND BY ADDITIVES 


J. G. ARCHIBALD, J. W. KUZMESKI, ano S. RUSSELL 


Massachusetts Agricultural Experiment Station, Amherst 


Correlation studies of the composition of 102 lots of silage and the green 
erops from which they were made indicate that the composition of the crop is 
of some importance in determining the quality of the silage. Water content 
was of most importance; high levels of water (above 75%) resulted in poor- 
quality silage. Sugar content of the crop was of some significance, but chemical 
(sodium metabisulfite, Kylage) or carbohydrate (molasses, ground cereal grains, 
citrus pulp) additives had greater influence on silage quality. Sugar content 
of green crops increased significantly in cool, dry weather. This fact may 
partly explain why at times good silage can be made without an additive and 


at other times not. 
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SYMPOSIUM 


FACTS, FALLACIES, AND CONFLICTS AFFECTING THE 
DEMAND FOR DAIRY FOODS 


W. D. Kwyox, Moderator 


Hoard’s Dairyman, Fort Atkinson, Wisconsin 


INTRODUCTION 


In preparation for this 55th annual meeting 
of the American Dairy Science Association, 
your Program Planning Committee wisely de- 
cided that the role of milk and dairy products 
in human nutrition should command the undi- 
vided attention of the entire membership dur- 
ing this afternoon symposium. The necessity 
for an authoritative review is evident to all 
of us, in light of articles appearing in the lit- 
erature and in the public press. Since the en- 
tire industry looks to members of this body 
for well-informed commentary, it is appro- 
priate that we refresh ourselves on dairy nu- 
trition and be kept abreast of current findings 
which may escape us as we pursue avenues 
of inquiry that may not permit us to be as 
well posted as we all might desire. 

Your committee was fortunate to obtain three 
distinguished authorities to participate in this 
symposium. They will each present brief intro- 
duetory statements, which will be published 
in the JOURNAL OF Dartry ScIENCE, and then 
stand ready to answer questions from the mod- 
erator and the audience. 

Now to introduce the members of the sym- 
posium : 


Dr. Zoe E. Anderson will diseuss Milk in 
Relation to Specifie Diseases. All of us have 
known Dr. Anderson as director of nutrition 
research for the National Dairy Couneil, a 
position she has held from 1951 through May 
31 of this year. On June 1 she became pro- 
fessor of home economies and chairman of the 
home economies department at Wayne State 
University, Detroit, Michigan. I know of no 
one in our industry who has a broader under- 
standing of all of the aspects of dairy nutri- 
tion than does Dr. Anderson. In the adminis- 
tration of the National Dairy Council research 
program, she has developed plans for, nego- 
tiated for, and supervised nutrition research 
projects sponsored by the National Dairy Coun- 
cil in behalf of itself and various branches of 
the dairy industry. She has developed plans 
for, conducted, and prepared detailed digests 
of proceedings for nutrition research confer- 
ences sponsored by the National Dairy Council. 


Further, she has had the prime responsibility 
of evaluating research proposals for other dairy 
organizations and companies and making rec- 
ommendations for support of projects of spe- 
cial value and interest to the industry. 

Dr. Margaret A. Ohlson will diseuss Caleium 
and Strontium-90. Dr. Ohlson’s name. is well 
and favorably known to those of us in the 
dairy world. Her work is highly respected and 
widely cited. Those of you in Utah will be 
interested to learn that Dr. Ohlson’s first posi- 
tion as a dietitian was here in Salt Lake City. 
Over the years, she has been professor and 
head of the food and nutrition department at 
Michigan State University, and is now pro- 
fessor of nutrition and director of the depart- 
ment of nutrition, University Hospitals, State 
University of Iowa, Iowa City. She was a 
member of the special Medicai Advisory Group 
of the Veterans Administration, president of 
the Second International Congress of Dietetics 
in Rome, has received the Borden Award in 
home economics, and the American Dairy As- 
sociation Award in research, among many hon- 
ors and recognitions. 

M. R. Stephens will diseuss Adulterants in 
Milk and Milk Products. As director of the 
Bureau of Enforcement of the Food and Drug 
Administration, Mr. Stephens is in an ex- 
tremely important position, insofar as the fu- 
ture of our industry is concerned. After re- 
ceiving his degree in chemistry from the 
University of Arkansas, Mr. Stephens joined 
the Food and Drug Administration and has 
served successively as inspector, chief inspector, 
district chief, associate commissioner, and now 
director of the Bureau of Enforcement of the 
Food and Drug Administration. He is respon- 
sible for establishing policies and making de- 
cisions for the Food and Drug Administration 
on all seizure, prosecution, and injunction pro- 
ceedings proposed to deal with violations of 
the Federal Food, Drug, and Cosmetie Act. 
We welcome you to this annual meeting of the 
American Dairy Science Association, Mr. 
Stephens, and hope this first association will 
be the beginning of a long and rewarding co- 
operative endeavor on behalf of the best in 
human nutrition. 
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RELATIONSHIP TO SPECIFIC DISEASES 


Zor E. 


ANDERSON 


Department of Home Economies, Wayne State University, Detroit, Michigan 


Problems related to nutrition and health 
beset the dairy industry because milk and other 
dairy foods or component parts of milk and 
other dairy foods have been: 

Implicated as contributing factors in devel- 
opment of diseases or as undesirable in treat- 
ment of such diseases as: allergies, arthritis, 
atherosclerosis, cancer, cataracts, coronary heart 
disease, dental caries, galactosemia, hypo- and 
hyper-caleemia, hypoproteinemia, kidney stones, 
milk-alkali syndrome associated with treatment 
of ulcers, leg cramps in pregnancy, osteoma- 
lacia, osteoporosis, and overweight; 

Challenged because of unintentional additives 
or adulterants which inadvertently may get 
in milk: strontium”, penicillin, pesticide resi- 
dues, and ecancer-producing hydrocarbons in 
wax and coal tar dyes; 

Kept on the defensive for lack of basic nu- 
trition information regarding: human require- 
ments for fat, fatty acids, protein, amino acids, 
calcium, phosphorus, magnesium; hazards of 
component parts of milk and of unintentional 
additives in levels found; and specific effects 
of milk on athletic performance, growth, indus- 
trial performance, specific pathologies, ete.; 

Put further on the defensive by: informa- 
tion published for consumers but originating 
with authoritative individuals, promoters of 
competitive products, or food faddists. 

Research has already resolved and can con- 
tinue to resolve those problems which arise 
from lack of basie nutrition information. Such 
information ean aid: in understanding the 
causes of dietary or metabolic diseases; in 
formulating dietary recommendations in pre- 
vention and treatment of disease and in pro- 
motion of positive health and athletic and in- 
dustrial performance; and in challenging false 
statements issued professionally, competitively, 
or maliciously. 

From currently available knowledge, what is 
the status of dairy products in relation to 
specific diseases? This complicated question 
can not be answered without first considering: 
the physiological needs of healthy human be- 
ings; what constitutes a nutritionally adequate 
diet; the role which milk and dairy products 
play in such a diet. 


PHYSIOLOGICAL NEEDS 


The amounts of energy and essential nutri- 
ents needed to maintain good nutrition in 
healthy persons have been estimated in the 
Recommended Dietary Allowances, revised 1958, 
by the Food and Nutrition Board of the Na- 
tional Academy of Sciences 





National Research 


Council (20). These allowances serve as a 
yardstick by which to plan food guides and 
meals to provide adequate levels of all essen- 
tial nutrients; and to evaluate diets consumed 
by people. 


ESSENTIALS OF AN ADEQUATE DIET 


That it is possible for healthy people to eat 
an adequate diet from the food supply avail- 
able in the United States has been demonstrated 
in a United States Department of Agriculture 
Home Economies Research Report titled Essen- 
tials of an Adequate Diet (34). In this bulle- 
tin, the nutrient contributions of four food 
groups are presented, with evidence showing 
how combinations of foods from these groups 
can supplement each other to provide recom- 
mended amounts of essential nutrients. The 
foods are combined in recommended amounts 
in a pattern called A Daily Food Guide by the 
United States Department of Agriculture (36) 
and A Guide To Good Eating by the National 
Dairy Couneil (21). 


A Guide To Good Eating 


_ USE DAILY. . . 










3 104 GLASSES MUL —- CHRDREN 
4 OR MORE GLASSES ~ TEENAGERS 
7 OR MORE GLASSES ~ ADULTS 








MEAT 


sROUP 
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EVALUATION OF MILK IN OUR RECOMMENDED 
DIETARY PATTERNS 


How essential is milk in this pattern? How 
adequate would be the diet if this group were 
omitted? We know of only one project in 
which such an evaluation was made, a study 
sponsored by the National Dairy Council at 
Wisconsin Alumni Research Foundation, in 
which four species of animals were fed foods 
combined as in A Guide to Good Eating... 
with and without milk. 

The difference milk made is shown clearly 
in the Milk Made The Difference poster pic- 
tures of the animals. These pictures were taken 
after the animals were on the diets for varying 
periods of time. The diet without milk was 
seriously deficient in calcium and phosphorus 
and was low in riboflavin. The deficient dog 
went into tetany a week after the poster pic- 
ture was taken, providing proof of a calcium 
deficiency (2). 

While we do not have as clear cut an evalua- 
tion of milk with human subjects, we do have 
several studies which show that children grow 
better and are healthier when adequate amounts 
of milk are consumed (26, 30). In countries 
where children receive little or no milk, infant 
and child mortality is high and dietary defi- 
ciency diseases are frequently seen (16). 


DIET AND DISEASE 


But what have our recommended dietary 
patterns to do with disease? Simply this, some 
pathological conditions can be treated and some 
possibly prevented by modification of diet. But 
to be effective and not harmful, dietary treat- 
ment of a disease must have a rational basis. 
A therapeutic diet must be prescribed on posi- 
tive information that: what is added has the 
desired therapeutic value; what is withdrawn 
is harmful and improvement follows after it 
is withdrawn; the altered diet is nutritionally 
adequate, so that dietary deficiencies are not 
superimposed on existing maladies; and the 
individual has a minimum of problems in ob- 
taining the prescribed diet and maximum en- 
joyment of it. 

It is desirable, then, to try to keep thera- 
peutie diets as flexible and as close to normal 
dietary patterns as possible. 


MILK AND DISEASE 


Milk plays a varying role in the treatment 
and prevention of disease because: milk is 


readily separated into its component parts of 
milkfat and nonfat milk solids; milk is avail- 
able in a wide variety of forms and flavors; 
milk can be combined with other foodstuffs in 
the preparation of tasty and tempting dishes 
suitable for use at every course of every meal 
of the day; milk is easily digested and assimi- 
lated; and milk complements the nutrients pres- 
ent in almost every food with which it is 
combined. 
MILK AND GALACTOSEMIA 


Galactosemia is the only clearly defined dis- 
ease entity for which milk of all species must 
be completely and permanently withdrawn. 
This is a congenital disease characterized by 
lack of an enzyme in liver and red blood cells 
which is required for normal exchange of galac- 
tose-1-phosphate to glucose-1-phosphate. When 
milk is given, galactose-l-phosphate accumu- 
lates in the red blood cells and interferes with 
normal metabolism, particularly in the brain 
(15). Galactose is a simple sugar which is 
combined with glucose in lactose, the carbo- 
hydrate present in milk, human as well as 
cow’s milk. 

The condition of galactosemia is believed to 


be exceedingly rare. Certainly, there is a 
very low recorded incidence. However, re- 
search efforts have revealed that this is a 


genetic disease transmitted by simple autosomal 
Mendelian inheritance. It is detectable in babies 
shortly after birth by assay for galactose-1- 
phosphate uridyl transferase in red blood cells. 
It is predictable as a possible problem in the 
child when both parents carry the trait. It 
is hoped that damage to brain and other tissues 
can be avoided in afflicted infants, and they 
can be given reasonable chance for normal de- 
velopment with careful dietary supervision, 
starting at birth (11). 


MILK ALLERGY 


True milk allergy is another condition for 
which milk should be withdrawn or should be 
modified. A true milk allergy is one in which 
the individual has become sensitized to one 
of the proteins present in milk. The sensitizing 
protein may be the lactalbumin or the casein. 
There is some evidence that heat treatment of 
the milk will sufficiently alter the allergen pro- 
tein so that it will not cause an allergic reac- 
tion (27). If this can not be done, then the 
child with a true milk allergy must be fed a 
carefully worked-out formula or diet which pro- 
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vides the nutrients normally provided by milk. 
There is a great deal of confusion and disa- 
greement among pediatricians with respect to 
milk allergy: its symptoms; incidence among 
children; fraction of milk which contains the 
allergen; and treatment of the allergie child. 

Symptoms of milk allergy most frequently 
involve the gastro-intestinal tract and the skin. 
However, many digestive disturbances and ec- 
zematous skin conditions are not manifesta- 
tions of allergies. Among allergic children, 
incidence of allergy to milk is an important 
problem. However, in a cross section of babies, 
incidence of milk allergy is uneommon. Re- 
ported incidences vary: 1.0% among 403 babies 
under 2 yr. of age; 1.5% among 250,000 indi- 
viduals; 2.3% among 180,000. Only two pedi- 
atricians report incidence as high as 7% among 
their patients (3, 28, 29). 

One group has urged that all children born 
to families which manifest allergies of any 
kind be placed on milk substitutes from birth 
to avoid: development of milk allergy (29). 
This is more generally regarded as a highly 
dangerous practice, since plant and egg pro- 
teins are more apt to be allergenic than is 
milk pyvotein, and children are seldom well 
nourished when milk is withheld (28). 

Milk fat is sometimes excluded when a child 
manifests allergie reactions. Actually, intol- 
erance to fat is sometimes one manifestation 
of an allergic reaction to plant protein. This 
is true in celiac disease, where an allergy to 
protein in wheat interferes with normal diges- 
tion and assimilation of fat. It is correctable 
only by removal of the affending protein and 
is not helped by removing milk fat (13, 14, 33 


MILK AND HYPOPROTEINEMIA 


[ron-deficiency anemia is perhaps the nutri- 
tional problem most frequently encountered 
among children in the United States today. 
Milk has been cited as the cause of such anemia. 
In reality, lack of other foods is responsible. 
While most infants have sufficient iron stores 
at birth to see them through the first 6 mo. 
of life on a milk diet, other foods must be 
added to the diet at that time to provide dietary 
iron, or anemia will develop. 

This condition has been erroneously repre- 
sented as hypoproteinemia, with claims that 
children drinking 1 to 2 qt. of milk a day sup- 
plemented with crackers and cookies were nu- 
tritionally deficient in protein. This claim is 
made with no biochemical measurements of 
the protein or amino acid levels in the blood 
and no evidence of dietary lack of protein (19). 
One to two quarts of milk supply 34 to 68 g. 
of high quality protein (8). The recommended 
allowance for the child 1 to 3 yr. of age is 
10 ¢. of protein per day (20). 


MILK AND PROTEIN MALNUTRITION 


Protein malnutrition is frequently seen in 


underdeveloped countries among children who 
receive no milk after weaning and subsist 
largely on carbohydrate diets. Such children 
have very low blood levels of total amino acids, 
individual amino acids, albumin, and total pro- 
tein. They are in negative protein balance; 
are edematous, fretful, apathetic, and have 
fatty livers. These children can be cured if 
they are fed milk before changes become irre- 
versible. Addition of milk to the diet is the 
preferential and only necessary treatment to 
correct protein malnutrition, whether it be 
called kwashiorkor, marasmus, or any other 
name locally applied to this condition. When 
the children are given milk, blood levels of 
amino acids and albumin return to normal; 
protein is stored as positive nitrogen balance 
is established; the edema recedes; and growth 
and health and natural childish happiness and 
interest return (16). 

Attempts have been made in Mexico and in 
Africa to supply protein to these children as 
combinations of corn and beans, beans and 
peanuts, or beans and peanut flour or soy bean 
flour. Although these combinations of plant 
foods provided levels of essential amino acids 
and total protein comparable to those supplied 
by milk, the protein was not well utilized. 
Many of the children failed to respond to these 
foods and remained in negative nitrogen bal- 
ance, with low blood levels of amino acids and 
albumin. Others showed some improvement, 
but none responded as well to these sources of 
protein as to milk protein. The plant proteins 
were somewhat better retained when lysine and 
tryptophane were added to the diet. Amino 
acid supplementation of milk did not increase 
protein retention, already good with milk (9). 

It is of special interest that in populations 
where protein malnutrition is rampant, where 
cirrhosis of the liver is common, where milk 
and other sourees of animal protein are min- 
imal in the diet, blood cholesterol levels are 
very low. With very low intakes of protein, 
it is not possible to elevate blood cholesterol 
levels. Although largely unattended, the ques- 
tion is being raised, ‘Are very low blood levels 
of cholesterol a manifestation of protein defi- 
ciency?” Indeed, it has been suggested that 
elevation of blood cholesterol levels be taken 
as a measure of improvement of children being 
treated for kwashiorkor. Such elevation oceurs 
with improvement as a response to the feeding 
of nonfat milk solids alone (31). 


MILK AND DENTAL CARIES 


In the United States, about the most com- 
monly encountered nutrition-related health prob- 
lem among children is dental caries. The extent 
to which fluoridation of communal water sup- 
plies is now in effect is indicative of the seope 
of the problem. Whiie fluoridation can reduce 
the incidence of the disease, it can not be ex- 
pected to wipe it out. There is still a need to 
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understand the role which diet plays in dental 
health. 

Milk provides essential nutrients needed for 
the development and maintenance of sound 
tooth structures and supporting bone. But to 
what extent can milk in its various forms pro- 
tect against decay of the teeth? At least par- 
tial answers to that question have been pro- 
vided by a study reported by Dr. James H. 
Shaw of Harvard School of Dental Medicine 
and sponsored by National Dairy Council. Rats, 
with a highly predictable incidence of dental 


caries when fed a standard cariogenic diet, 
were fed: milk, chocolate milk, and combina- 


tions of each of these with cheese and ice 
cream. Part of the cariogenic diet was replaced 
with these dairy foods. A percentage of cal- 
ories was provided by the dairy foods which 
would be comparable to the per cent of calories 
they would provide a child of comparable age, 
if the child were to consume recommended 
levels of milk. Marked reduction in dental 
caries oceurred in the rats when any dairy food 
replaced part of the ecariogenic diet. Many 
animals who received the dairy foods had no 
caries at all. There were some differences but 
no statistical differences in the extent of re- 
duction of caries affected by the different forms 
of milk (32). 

At this time, there is need for a study in 
which children who have a high ineidence of 
dental earies are given a quart of milk a day in 
its different forms to determine the effect on 
incidence of tooth deeay. 

MILK 


AND OBESITY 


Obesity is the most commonly encountered 
nutrition-related health problem among adults 
in the United States today. If it is not the 
most commonly encountered, it is the problem 
with which people are most commonly pre- 
occupied . . . if the number of articles in the 
professional and lay press is a_ suitable 
criterion. 

Despite the popular coneept that milk is 
fattening, Dr. Margaret A. Ohlson claims that, 
“Milk does more for the reducer than any other 
single food.” She also points out that, with 
low-calorie intake, inclusion of milk becomes 
increasingly necessary if the diet is to be ade- 
quate in essential nutrients. These conclusions 
were reached after many years of experience 
in: helping people from all walks of life to 
lose weight; evaluating the nutrient content 
of self-chosen and controlled diets; and evalu- 
ating physiologically, biochemically, anl psy- 
chologieally the effects of different diets and 
food combinations on the people consuming 
them. 

The effectiveness of such diets has been dem- 
onstrated (5, 7). The results are documented 
in the National Dairy Council film titled 
Weight Reduction Through Diet. 
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Small, active women can control weight with 
daily meals like these: 





Fig. 3. 


Three meals totaling 1400 calories. 


The meals shown in the pictures provide 
about equal amounts of protein, carbohydrate, 
and fat, a mixture comparable to that present 
in whole milk. Calorie value and fat content 
can both be decreased by avoiding added fats, 
trimming meat fat, and using skimmilk. How- 
ever, lower fat and lower calorie diets are 
harder to stay with over a long period of weight 
reduction. 
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Large, active women and men can control 
weight with daily meals like these: 





Fic. 4. Three meals totaling 1800 calories. 


Obesity is a complex problem which may 
not be solved easily by diet alone. People be- 
come and remain obese on widely varying in- 
takes of calories provided by widely varying 
mixtures of protein, fat, and carbohydrate 
(23, 24). 

MILK AND DIABETES 


Some obese and some non-obese people are 
diabetic. It is highly desirable that the diabetes 
of an afflicted individual be controlled. This 


is best done by careful regulation of: food 
intake with an adequate diet containing a 
fairly fixed ratio of protein, carbohydrate, and 
fat; insulin administration at a level estab- 
lished for the individual; and regular exercise 
and rest so that energy balance is maintained. 

There is a trend away from very high fat- 
very low carbohydrate diets Yor the diabetic. 
Milk is particularly valuable for the diabetic 
because of its favorable protein-carbohydrate- 
fat ratio and high nutrient content; and the 
extent to which the concentration of milk fat 
and nonfat milk solids can be varied, when 
desired, by use of different dairy foods. Spe- 
cial products can be made, and some are avail- 
able commercially in which nonsugar sweetening 
agents have been used. An artificially sweet- 
ened ice cream is available in some areas. 
These are not labeled as, and should never be 
called, diabetic ice creams. Instead, they should 
be referred to as legally labeled, artificially 
sweetened (36). 


MILK AND ULCERS 


The objectives in dietary treatment of ulcer 
patients are twofold: to reduce gastric acidity; 
and to protect the mucosa of the stomach. Milk 
and cream taken at frequent intervals aid 
these objectives. These foods do not stimulate 
gastrie secretion in the way many other foods 
do; they are nonacid-contributing; they are 
acid-neutralizing; they protect the mucosa of 
the stomach when milk fat acts as a physical 
barrier between the acid contents of the stom- 
ach and the mucosal tissue. 

Milk and cream continue to be used, although 
to a lesser extent, alone or in combination with 
alkalizing agents as a preferential and effec- 
tive dietary control of uleers. Care should be 
taken that the rest of the diet is adequate; that 
the individual does not unduly gain weight from 
a too high calorie intake; and that the person 
does not become over-alkalized. The milk-al- 
kali syndrome, which has been occasionally 
observed in the ulcer patient, does not occur 
with high milk intakes without the use of 
alkalizers. 

The ulcer patient may be affected by three 
factors which may also be involved in develop- 
ment of atherosclerosis leading to coronary 
heart disease: stress, mineral imbalance, and 
high fat intake. A recently reported study of 
autopsy and clinical records of ten hospitals 
in the United States and of five hospitals in 
Great Britain indicates a higher ineidence of 
myocardial infarction among ulcer patients 
treated with high milk diets and alkalizers than 
among non-uleer patients (6). In another study, 
patients fed corn oil (or corn oil stripped of 
vitamin E) developed a higher incidence of 
ulcers than did patients fed a regular hospital 
diet. These shreds of evidence leave completely 
unanswered the questions: Does currently prae- 
ticed treatment of ulcers foster heart disease? 
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Does currently practiced treatment of heart 
disease foster ulcers? Do these two chronic 
diseases have some common origin? 


MILK AND GALLSTONES 


Fat and cholesterol are intimately involved 
with each other, in foodstuffs of animal ori- 
gin, in body tissues, in digestion and metabo- 
lism. Not all of these relationships are fully 
understood, but they are recognized. Choles- 
terol is removed from circulation in the liver 
and is exereted as bile salts from the gall- 
bladder into the intestine. Bile salts are essen- 
tial for normal digestion and absorption of fat. 

When gallstones are formed (chiefly from 
cholesterol) in the gall-bladder or its duct 
leading into the intestine, flow of bile is inter- 
rupted. Under these circumstances, dietary fat 
must be restricted, because it will not be prop- 
erly digested and absorbed and will create 
severe gastro-intestinal disturbances for the in- 
dividual. Although not documented in seien- 
tifie reports, medical opinion indicates that 
unheated milk fat is better tolerated than other 
fats by people with gallstones or with other 
intolerances to fat. This may be because of 
the natural emulsion of milk fat; its concen- 
tration of lower short-chain fatty acids; or 


to other characteristics not identified. While 
milk fat may be tolerated in small amounts 
consumed in milk, butter, cheese, ice cream, 


or other dairy foods, it may have to be strictly 
avoided by some people with gallstones or 
other gall-bladder difficulties. In such cases, 
nonfat milk solids can still be consumed by the 
patient to help maintain an adequate diet. 

Gallstones ocevr in 5 to 10% of all adults 
over 40 yr. of age. It is more frequent among 
women, especially those who have borne more 
than one child. Occurrence of stones does not 
appear related to blood levels of cholesterol. 
Although gallstones have been caused in some 
animals by feeding cholesterol, they have oe- 
curred in others fed diets free of cholesterol 
and very low in fat. Adding 10% linoleic acid 
to such diets did not prevent stones, put re- 
moving sucrose and replacing with some grains 
did prevent gallstones from forming. Restric- 
tion of dietary cholesterol will not insure that 
stones will not form in human beings, since 
this substance is readily formed in tne body 
(10, 17). 


MILK AND KIDNEY STONES 


Kidney stones are another type of abnormal 
deposit or aceretion which oceurs in the body. 
A kidney stone forms when mineral deposits 
of valeium or magnesium and phosphorus are 
laid down in an orderly fashion on a protein 
matrix. Cholesterel may also be involved in 
such stones. In this country, kidney stones 
rarely occur among children. They oceur more 
frequently in men than in women. The inei- 
denee of kidney stones is greatest in the south- 
eastern states, where milk production and con- 
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sumption are least; and lowest in Wisconsin, 
the state of highest milk production. Some per- 
sons who have repeatedly formed kidney stones 
have developed their largest stones while on 
a milk-free, low-calcium diet (4). 


MILK AND CORONARY HEART DISEASE 


Cholesterol and fat, combined with protein, 
are pathologically deposited as atheroma in 
the inner wall of the artery in a degenerative 
disease called atherosclerosis, the forerunner 
of coronary heart disease, the primary cause 
of the death of adults in the United States. 
What causes these deposits is unknown. Ath- 
eroma are more extensive and severe among 
people who have abnormally high blood choles- 
terol levels related to idiopathic hypercholes- 
terolemia, diabetes, hypothyroid activity, or 
hypertension. Coronary heart attacks occur 
more often among individuals with these dis- 
eases and, during middle age, more often among 
men than among women. However, coronary 
heart attacks occur even among people with 
very low blood cholesterol levels; and many 
people with high blood cholesterol levels live 
to old age and die of something else (1, 18). 

Blood cholesterol levels vary with individuals; 
are low among population groups with limited 


food supplies and are higher among groups 
with generous food supplies; increase with 
age; are about the same for men and women 


until the fourth decade, when levels are a little 
higher for men for about an 8-yr. span and 
higher for women after that time; can be af- 
feeted by diet and mode of life, but can not be 
used as a predictive measure of susceptibility 
of the individual to a coronary heart attack 
(1,18). 

Blood cholesterol levels are 
when human beings consume milk fat than 
when they consume fats with a high concen- 
tration of unsaturated fatty acids. 

Babies who consume breast milk have serum 
cholesterol levels which are slightiy higher than 
in babies who consume cow’s milk formulas. 
When vegetable oils are substituted for milk 
fat in cow’s milk formulas, the serum choles- 
terol values are very low, comparable to those 
of babies suffering from protein malnutrition. 
Which serum cholesterol values are desirable 
for a baby is not known. 

Milk fat has not been demenstrated to con- 
tribute to development of atherosclerosis or 
coronary heart attacks. It has not been dem- 
onstrated that lowering blood cholesterol levels 
by substituting vegetable oils for milk fat has 
reduced incidence among groups of people or 
delayed onset of coronary heart attacks for 
individuals (1, 12). 

If it should prove valuable for individuals 
to avoid milk fat, they can still enjoy the nu- 
tritional benefits of the nonfat solids in fluid 
skimmilk and dry nonfat milk solids, skimmilk, 
cheeses, and other products. If there is a need 
for and a market for other products modified 


a little higher 
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with respect to fat content, they can and should 
be provided by the dairy industry. At the 
present time, and according to the Food and 
Nutrition Board: “It is not yet possible to 
indicate the fatty acid mixture most favorable 
for support of human health. ,A diet of a 
wide variety of foods of vegetable and animal 
origin is most likely to maintain good health” 
(20). 


MILK AND DISEASES OF CALCIUM METABOLISM 


Milk is the best source of calcium, not only 
because it is a rich source but also because it 
simultaneously provides protein and _ lactose, 
phosphorus, magnesium, other minerals and 
vitamins, and vitamin D when so fortified. 
Absorption of calcium from the intestines is 
aided by the presence of vitamin D, protein, 
and lactose. Deposition of calcium in bones 
and teeth is aided by the presence of vitamin 
D, phosphorus, magnesium, protein, and pos- 
sibly lactose and other vitamins and minerals. 
The minerals are needed component parts of 
the calcium salts which are deposited in bones 
and teeth. The protein is needed to form and 
maintain bone cells which, in turn, build the 
bone itself. The precise function of vitamin 
D in deposition of calcium salts is unknown. 

The hormone of the parathyroids maintains 
a constant level of calcium in the blood by 
favoring deposition in bone when intake is 
high and withdrawal from bone when intake is 
low. The precise mechanism by which this hor- 
mone acts is unknown. 

Pathologies related to calcium metabolism, 
as observed in the U.S.A., appear to be more 
related to low than to high intakes; to be re- 
lated more to hormonal imbalance or other 
physiological imbalance than to excess dietary 
intake of ealeium (37). 

We know relatively little about processes 
that produce calcification of soft tissues. Di- 
etary deficiency of magnesium tends to create 
such calcification. So does excess of vitamin 
D. Excess parathormone leads to excess bone 
resorption and deposition of calcium in the 
tubules of the kidney. Hyperparathyroidism, 
apparently an inherited tendency, is correct- 
able by surgery. There is need for more effi- 
cient and accurate early diagnosis for this con- 
dition, because it leads to kidney stones and 
bone demineralization (osteitis fibrosa cystica). 
Blood levels of calcium and phosphorus may be 
normal in this disease and, therefore, can not 
be depended upon for diagnosis (37). Osteitis 
or Paget’s Disease is a disease of local re- 
sorption of bone in people over 40, often ac- 
companied by pain and deformity. Its cause 
is unknown, although it may be an inherited 
defect in metabolism or in adrenal gland ac- 
tivity. Cortisone promotes healing, but there 
is no truly effective treatment (37). 

Osteoporosis, a disease of insufficient bone 
substance, is believed due to failure of the pro- 
tein matrix to effect mineralization. It oceurs 


chiefly in older women, is treated, largely in- 
effectively, with a combination of estrogen and 
androgen (female and male hormones). Stor- 
age of calcium is very little improved by the 
hormones unless ecaleium intake is generously 
increased to a mean of 1.1 g. per day. The 
disease is frequently seen in people who use 
little or no milk or dairy foods. Although diet 
has not been given much consideration in pre- 
vention and treatment of this disease, there is 
a need for serious alteration in both concept 
and treatment of this disease (37). 

Among children, neonatal hypocalcemic tet- 
any sometimes occurs during the first five days 
of life, in which an infant suffers convulsive 
museular contractions resulting from low blood 
levels of calcium. Cause is unknown. Chronic 
hypocalcemia appears to be the result of an 
abnormal functional relationship between the 
parathyroid and adrenal glands. 

Infantile hyperealeemie syndrome, a new 
disease observed in Great Britain but rarely 
in the U.S.A., has been related by some clini- 
cians to excess intake of vitamin D. However, 
the cause is, as yet, unknown. 

In none of these diseases of calcium metabo- 
lism is there indication that they are caused by 
excessive milk intake. If calcium metabolism 
is deranged, there may be a need for controlling 
intake of this nutrient. However, restriction 
of milk intake or use of caleium compounds in 
treatment of any specific disease should have 
a rational basis and should be used with other 
rational therapy—not as a cure in itself. 


MILK AND PREGNANCY 


While pregnancy is not a disease, it is a 
period of stress and a period when diet is 
extremely important. At the present time, it 
is unfortunate that obstetricians are minimiz- 
ing the importance of milk in the diet of preg- 
nant women and prescribing calcium pills as 
a replacement. Such pills are not and can not 
he a replacement for milk. Not only do pills 
fail to provide the high quality protein, cal- 
ories, vitamin A, B-complex vitamins, and a 
wide assortment of essential trace minerals 
found in milk—they fail to provide phosphorus 
or enough calcium and often contain an excess 
of vitamin D, which could be harmful. 

One of the drug companies has promoted 
caleium pills for treatment of leg cramps in 
pregnancy, based on one report (25). The 
objective appears to be the lowering of phos- 
phorus intake. Unfortunately, this recommen- 
dation has been incorporated in some of the 
obstetrics textbooks and is being widely ac- 
cepted. Without milk, our recommended dietary 
pattern does not provide enough phosphorus. 
Low intake of phosphorus can be more imme- 
diately hazardous than low intake of calcium. 
Although little attention has been paid to the 
dietary requirement for magnesium, it is a 
vitally important nutrient during pregnancy 
as at other times. Milk is one important source 
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of this element. In the United States, that 
amount of milk which will provide a pregnant 
woman with the National Research Council’s 
Reeommended Aliowance for caleium and eal- 
ories is well balanced with respect to other 
nutrients, and provides the needed safety fac- 
tors to the diet (20, 22). 

While there is evidence that some people in 
the United States have abnormally high caleium 
intakes, there is evidence that the greater num- 
ber have low calcium intakes. Unfortunately, 
this is partieularly true of teen-age girls and 
adult women. Low calcium intakes mean low 
milk intakes. As was pointed out early in 
this paper, the dietary pattern recommended 
for consumption in the United States does not 
provide an adequate diet if milk is not in- 
cluded, as such or in other dairy foods (2, 
22, 34). 
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ADULTERANTS IN MILK AND MILK PRODUCTS 


M. R. STEPHENS 
Director, Bureau of Enforcement, Food and Drug Administration 
U. S. Department of Health, Education, and Welfare, Washington, D. C. 


The objectives of the Federal Food, Drug, 
and Cosmetic Act are to ensure a national food 
supply that is safe and wholesome as well as 
honestly and informatively labeled. At the 
time of its passage in 1938 the law stood as a 
landmark in modern-day food regulation. 

In the light of the tremendous technological 
developments and economic trends over the past 
20 yr., it has been necessary to make major 
amendments in the law to prevent its becom- 
ing obsolete. Two such amendments were the 
Pesticide Amendment of 1954 and the Food 
Additives Amendment of 1958. Both were in 
recognition of the spectacular increase in the 
use of chemicals in our national economy and 
to ensure that this use is surrounded by suffi- 
cient safeguards to protect the public health. 

It has been stated that since 1939 sales in 
the chemical industry have increased fivefold 
and that today the industry stands fourth in 
size among all the industries of the country. 
It has produced hundreds of thousands of 
chemical entities, more than 10,000 of which 
are being manufactured for commercial use. 
Indeed, we are living in a chemist’s world. To 
appreciate the validity of that statement one 
has only to view the magnitude of the problem 
of developing adequate analytical methods to 
detect a countless number of complex com- 
pounds in use today or proposed to be used in 
or on foods and to understand that the assur- 
ance of the safety of our national food supply 
can not be given without the problem’s solution. 

The research contributions of the drug and 
insecticide branches of the chemical industry 
have had a profound effect on world-wide health 
and economic gains. Outstanding among the 
drug achievements has been the discovery and 
mass production of penicillin. Notable among 
insecticide achievements was the discovery and 
mass production of DDT beginning in World 
War II. While the health and economie gains 
from these developments have been tremendous, 
this must not blind us to their potentialities 
for harm. 


These useful chemicals are today presenting 
you and us with a major problem in insuring 
that they are properly used. The two govern- 
mental agencies primarily responsible for the 
proper and adequate labeling of these com- 
modities to insure safe use are the U. S. De- 
partment of Agriculture and the Food and Drug 
Administration. The Food and Drug Admin- 
istration and State and local authorities have 
the responsibility to deal with situations arising 
out of their misuse. 

The U. S. Department of Agriculture en- 
forces the Federal Insecticide, Fungicide, and 
Rodenticide Act of 1947. Labels for all eco- 
nomie poisons must be registered with the De- 
partment before they are shipped in interstate 
commerce. Following the directions for use on 
labels of pesticides thus registered should yield 
products without illegal residues. Dairymen 
and growers of agricultural commodities have 
one simple rule to follow—use pesticides ac- 
cording to label directions—on the crops or 
kinds of animals specified, in the amount speci- 
fied, and at the times specified. 

The Food and Drug Administration enforces 
the labeling provisions of the Federal Food, 
Drug, and Cosmetie Act, which require, among 
other things, adequate directions for proper 
use and warnings against misuse in the labeling 
of drugs. 

Accordingly, pesticides and drugs in inter- 
state commerce coming into the hands of farm- 
ers and dairymen for their use contain the 
kind of label instructions and warnings that, 
if followed, will insure the production of an 
uncontaminated milk supply. Specifically, U. S. 
Department of Agriculture registered labels 
for DDT and other pesticide preparations warn 
against use of the chemical on or around dairy 
animals and against feeding treated forage to 
dairy animals. The labeling of penicillin prep- 
arations for the treatment of diseased dairy 
animals warns milk producers to reject milk 
from such animals. 

The Pesticide Amendment to the Federal 
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Food, Drug, and Cosmetie Act will be 6 yr. 
old next month. The Food and Drug Adminis- 
tration has the responsibility for the establish- 
ment and enforcement of tolerance regulations 
promulgated under its authority. During these 
6 yr. more than 2,000 tolerances or exemptions 
from the requirement of tolerances nave been 
established for more than 100 pesticide chem- 
ieals. A considerable number of petitions were 
not favorably acted upon, since it was found 
upon review that scientific data were not avail- 
able to support a conclusion of safety of the 
tolerances or exemptions requested. 

A basic part of a pesticide tolerance petition 
for consideration is full reports of investiga- 
tions made with respect to the safety of the 
pesticide chemical. In the event the petition 
requests, or the Secretary of Health, Education, 
and Welfare deems necessary, the petition and 
other data before the Secretary may be re- 
ferred to an advisory committee for a report 
and recommendation on the proposal in the 
petition. 

The amendment requires that the petitioner 
describe the analytical methods by which de- 
terminations of reported residues were made. 
Before we can conclude that a tolerance will 
be safe we must make certain that we have a 
means for enforeing it. We think it would be 
poor public health policy to make a rule allow- 
ing toxic materials to be used in foods in safe 
amounts and not have any mechanies for check- 
ing upon the quantities present to make certain 
they do not exceed the safe levels. 

As part of our review of the methods de- 
seribed in the petition for determination of 
residues of the pesticide, we wish, in most cases, 
to try out the methods in our own laboratories. 
As more tolerances are established to permit an 
inereasing number of pesticide chemicals on 
food crops, the problem becomes more difficult, 
because we must be able to determine residues 
of each new pesticide chemical not only in the 
presence of interfering plant extractives but 
also in the presence of other pesticide chem- 
icals which may legally be present on the same 
crop. 

During the past year more emphasis has been 
placed upon methods try-out and more atten- 
tion is being given to the specificity of the 
methods to identify and measure residues at 
tolerance levels. New tools and techniques are 
continually being added to the armament of 
the chemist, and solutions to the extremely 
difficult problems in the determination of pesti- 
cide residues are being worked out. 

Some time ago a scientific advisory com- 
mittee was appointed to study a proposal that 
residues of methoxychlor not to exceed 0.25 
p.p.m. be permitted in milk. Methoxychlor was 
being proposed as a pesticide for use on dairy 
animals and it was contemplated that milk 
residues would result therefrom. After a study 
of the available data the scientists recommended 
against the proposal. The committee felt that 
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in view of the importance of milk in the diet 
a greater margin of safety must be established 
in fixing a tolerance for pesticides in milk than 
would be the case for any other food in the 
human diet. 

Since the days around the year 1906, when 
formaldehyde was used to preserve milk, it 
has been the consistent policy of food and 
health officials generally to oppose the addi- 
tion, in any amount, of poisonous or deleterious 
substances to milk. This philosophy still pre- 
vails. However, if additional research should 
show that there is a reasonable basis to propose 
a tolerance for pesticide residues in milk which 
would not endanger the public heaith, the Food 
and Drug Administration is required by law 
to give it consideration. If a proposal were 
made for a specific level of a particular pesti- 
cide in milk and if the proposal were sup- 
ported by compelling evidence of safety, the 
Food and Drug Administration, under the law, 
would have no alternative to establishing a 
tolerance. 

Since there is now no legal tolerance for any 
pesticide residue in milk, the interstate ship- 
ment of milk containing such a residue is 
illegal under the Act and the milk itself is 
subject to seizure. Inasmuch as milk contam- 
inated with pesticides is illegal, contaminated 
products processed from it are illegal. 

Likewise, residues of antibiotics, in any 
amount, in milk are illegal. Such residues re- 
sult from a failure, through ignorance or 
through deliberation, to reject milk from treated 
animals for recommended periods after treat- 
ment. What are the public health implications 
of antibiotics in milk? Some time ago the 
Food and Drug Administration asked a group 
of outstanding experts in the field of antibi- 
oties to study the question. It was their con- 
clusion that while there should be no antibiotics 
in milk, penicillin presents the major health 
problem. It was concluded that allergie reac- 
tions ranging from mild to fatal may occur to 
particularly sensitive persons from drinking 
milk contaminated with penicillin. 

We are not unmindful of the rumors of the 
addition of penicillin to milk to lower bacterial 
counts. There are also reports, thus far un- 
confirmed, of the addition of penicillinase to 
milk so that the milk will not show a positive 
test for penicillin. Since it is a protein the 
likelihood of allergic reaction must be antici- 
pated. Anaphylactic type allergic reactions 
have been attributed to penicillinase. The ad- 
dition of this enzyme to milk constitutes the 
addition of a food additive for which there is 
no sanction under the law. Consequently, such 
a practice is illegal and if encountered will be 
dealt with just as promptly and forthrightly 
as we would expect to deal with the direct ad- 
dition of penicillin to milk for the reduction 
of bacteria count. Aside from the matter of 
the penicillin and penicillinase residues making 
milk illegal, we should point out that the Act 
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also outlaws milk from sick animals; therefore, 
chemically contaminated milk from treated cows 
has two eounts against it under the law. 

Any question concerning direct additives to 
fluid milk or processed dairy products must be 
approached under the provisions of the Food 
Additives Amendment. This Amendment was 
enacted September 6, 1958, and became fuily 
effective March 6, 1960. Its passage followed 
a period of years in which extensive considera- 
tion had been given by the Congress to the need 
for better consumer protection in this area. 
Basically, it has shifted the responsibility for 
determining the safety of food ingredients to 
those who propose to market and use them, 
and requires that the determination be reached 
before ingredients of unknown or unrecognized 
safety may be used. It provides authority to 
administratively extend the effective date of 
March 6, 1960, in individual cases up to 1 yr., 
on the basis of a finding on any proposal that 
it would involve no undue risk to the public 
health and that conditions exist which necessi- 
tate the prescribing of such an additional pe- 
riod. A large number of additives through offi- 
cial publication have been generally recognized 
as safe and, henee, not subject to the amend- 
ment. Also, extensions have been granted a 
considerable number of others, permitting their 
continued use to March, 1961, or until a regu- 
lation on it is issued, whichever is sooner. 

How do all these developments affect the 
dairy industry? First of all, we should con- 
sider that there are legal standards of identity 
for butter and for more than 60 cheese and 
cheese products in which unauthorized ingredi- 
ents, irrespective of any question of safety, may 
not be legally used. We hope, incidentally, it is 
safe to again predict there will be a standard 
for ice cream soon. 

If and when proposals are made for the 
amendment of an identity standard or the 
promulgation of a new one any additive pro- 
posed to be used will have to first meet the 
test of the Food Additives Amendment before 
it can be considered for use in the standardized 
product. 

The important question for the dairy prod- 
ucts manufacturer to decide is whether any sub- 
stance being added either directly by him or 
indirectly through an intermediate, to his prod- 
uct is a food additive. If not, then obviously 
he is not concerned with this Amendment. And 
if what he adds is generally recognized as safe 
then he still need not be concerned with this 
Amendment. But if he is adding substances 
directly to his product, or if substances are 
being added indirectly, which are not generally 
recognized as safe, and are not covered by 
prior sanctions, then he is concerned. 

We have received a great many inquiries 
about how guaranty protection can be ob- 
tained to avoid responsibility for using an 
additive which has not had appropriate safety 
clearance. We have concluded that under a 
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precedent court decision a food processor can 
not protect himself from responsibility of com- 
plying with the law by obtaining a guaranty 
from the supplier of the chemical he is using. 
The guaranty would go only to the additive 
itself and not to the finished processed food. 
It seems prudent, however, for the food manu- 
facturer to request assurance from his sup- 
plier that he has complied with the Food Ad- 
ditives Amendment. Your chemical or pack- 
aging supplier should be able to tell you whether 
the materials used by them are or are not on 
the approved lists. If you should obtain a 
guaranty from your supplier and later ship 
food which is adulterated by a food additive, 
your obtaining the guaranty would be taken 
into account by us in deciding whether to ree- 
ommend criminal prosecution, even though the 
guaranty itself would not be lawfully binding 
on the Administration. 

Having defined the problem of milk con- 
taminated with pesticides and antibiotics, how 
have we approached it to bring about correc- 
tion? First, believing that the educational ap- 
proach is a basie part of a sound regulatory 
program we spent a considerable amount of 
time and effort in cooperation with the Ex- 
tension Service of the U. S. Department of 
Agriculture, dairy associations, state people, 
and others in a wide-spread campaign aimed 
at the education of the dairy farmer in the 
proper use of pesticides and drugs and the 
implications arising out of their misuse. We 
have just issued a flyer to this effect and vari- 
ous dairy industry groups are distributing it 
to milk stations to send to patrons with their 
milk cheeks. 

We amended our drug regulations to eall 
for better, more informative labeling of anti- 
biotic preparations. (Further amendments are 
in process to clear up questions that have arisen 
on injectables.) We made several surveys to 
determine the incidence of these contaminants 
in milk to measure as best we could the results 
of our efforts. The last one in 1958 showed a 
significant percentage of the samples examined 
to contain residues, thus reflecting that our 
efforts had not been wholly successful. We 
then proceeded to develop a new and quicker 
test for antibiotics. We organized and con- 
ducted a number of schools to teach antibiotic 
and pesticide methods to cooperating officials 
and industry representatives. We and State 
officials are stepping up our activities in the 
examination of feeds for illegal residues of 
pesticides. 

We, the U. S. Department of Agriculture, 
and State authorities have warned about the 
danger of feeding agricultural by-products or 
crop wastes such as apple pomace, pea vine 
silage, trimming and stripping from produce 
crops to dairy cows. Seizure has been made on 
some of these high residue articles shipped in 
interstate commerce. We have repeatedly em- 
phasized in many publie statements that the 
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production, acceptance, and shipping of con- 
taminated milk is illegal and can lead to serious 
trouble. 

How do you and we convince all concerned 
this is As a regulatory agency, once we 
have carried out what appears to be a sound 
educational program and our surveys show 
there is still a problem, we have left only the 
remedy of the application of the sanctions 
provided by the law. It is unfortunate but 
true that this step seems just as basic to a 
program to bring about compliance as does the 
educational approach. They go hand in hand— 
one without the other will not be successful. 

The Pesticide and Food Additive Amend- 
ments, like the rest of the Federal Food, Drug, 
and Cosmetie Act, call for investigational and 
enforcement policies consistent with the way 
we have gone about administering the other 
sections of the law over the years. So we are 
now engaged in a regulatory program that has 
brought some seizures of butter and evapo- 
rated and condensed milk because of their con- 
tamination with pesticides. 


so? 


There have been no regulatory actions against 
milk or milk produets contaminated with anti- 
hioties. All reports from industry, State offi- 
cials, and our own field people are very en- 
couraging about the progress that has been 
made here. This is not to say that there should 
be any lessening of your efforts to inform and 
educate those who are responsible for the 
proper use of antibiotic preparations. 

There is still much to be done in this whole 
area—and primarily the program, if it is to 
he really successful, has to be one of educa- 
tion and self-policing with prevention your 
goal—not correction by the regulatory official. 
You, as a responsible scientific group in the 
dairy industry, stand in a unique position to 





The paper by Dr. Margaret A. Ohlson entitled Calcium and Strontium “ 
Editor-in-Chief. 





from publication at her request. 
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render an important publie service in such a 
program. 

A few months ago Dr. Elvehjem’* made one 
of his many sage statements: 

“  . . The practical value of every social 
invention or material discovery depends upon 
its being adequately interpreted to the masses. 
The future of scientifie progress depends as 
much on the interpretive mind as it does upon 
the creative mind. 

“The interpreter stands between the lay- 
man, whose knowledge of all things is in- 
definite—and the scientist whose knowledge 
about one thing is authoritative. The secien- 
tist advances knowledge. The interpreter ad- 
vances progress. History affords abundant 
evidence that civilization has advanced in 
direct ratio to the efficiency with which the 
thought of the thinkers has been translated 
into the language of the masses.” 





Who can better serve as interpreters in this 
present climate to bridge the gap between the 
scientific fraternity and the dairy industry in 
this tremendously important field than the mem- 
bership of this Association? It is most grati- 
fying to see in the January, 1960, issue of your 
JOURNAL, the establishment of a new section 
entitled Interpretive Summaries of Papers, re- 
fleeting your recognition of an opportunity for 
publie service. 

There is no simple, short-term cure for our 
mutual problem. We have much hard work 
ahead of us. The Food and Drug Administra- 
tion pledges reasonable enforcement approaches 
and policies consistent with the broad objee- 
tives of the law. We solicit your continued 
support in the attainment of those goals so 
important to the consumer and your industry. 


‘J. Dairy Sei., 43: 431. 1960. 
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APPLICATION OF STATISTICAL QUALITY CONTROL TECHNIQUES 
TO PINT AND HALF-GALLON ICE CREAM PACKAGING 
OPERATIONS ! 


R. T. Smatuwoop? anp W. M. Roperts 
Department of Animal Industry, North Carolina State College, Raleigh 


There has been a strong trend toward pack- 
aged products in the ice cream industry in 
recent years. Half-gallon packages have mul- 
tiplied many times in sales. Pint packages 
have risen substantially, although not nearly 
in the same ratio as half-gallons. This has 
brought about a change in the operating pro- 
cedures of plants, automatic packaging de- 
vices, faster production, and longer runs. 

The manufacturers of ice cream are vitally 
concerned with product uniformity and a stand- 
ard weight of their product. The limitations 
on the manufacturer are an upper limit that 
is economic and a lower limit of law and 
integrity. 

Quality control techniques employing control 
charts have been used simultaneously with other 
tools to help management achieve a more effi- 
cient operation with greater profits. The con- 
trol-chart viewpoint was stated concisely by 
Grant (4). It is, “Measured quality of manu- 
factured product is always subject to a certain 
amount of variation as a result of chance. 
Some stable ‘system of chance causes’ is in- 
herent in any particular scheme of production 
and inspection. Variation within this pattern 
is inevitable. The reasons for variation out- 
side this stable pattern may be discovered and 
corrected.” 

The use of the control charts indicates to 
the operator and management when the ma- 
chine, process, or operation is functioning ab- 
normally. A point either above an upper con- 
trol limit or below a lower control limit is 
considered as being due to an assignable cause. 
The control limits are located an equal dis- 
tance, two standard deviations in the case of 
the chart for means using the moving range, 
from the estimated average (X). Approxi- 
mately one point out of 20, or 5%, will fail 
to fall between these control limits if the popu- 
lation is normal and in control (6). Shewhart 
(8) has shown that, although individual values 
exhibit a nonnormal distribution, the averages 
of these values tend to produce a curve ap- 
proximately that of the normal distribution. 
This fact allows statistical quality control wide 
application to industrial uses. 

For a general review of the principles and 

‘Published with the approval of the Director 
of Research, North Carolina Agricultural Ex- 
periment Station, Raleigh, Paper No. 1168. 

* Dairy Industries Supply Association Fellow. 
Presently employed by Sealright-Oswego Falls 
Corp. Headquarters—Fulton, New York. 


applications of statistical quality control tech- 
niques, it is recommended that the reader re- 
fer to one or more of the books on the subject 
(2, 4, 5, 6). 

There have been some applications of sta- 
tistical quality control to the dairy industry. 
Farmer (3) applied statistical quality control 
techniques to receiving materials and supplies 
and to the packaging operation in a dairy 
plant. He set up sampling plans to receive 
raw materials and materials used in packaging. 
The statistical quality control technique was 
used to check mechanical difficulties and to 
keep up with the actual time wasted. The pint 
operation acceptance tolerance was decreased 
from plus or minus three thirty-seconds of 
an ounce per pint package. He also applied 
statistical quality control to the brine tank 
operation. 

Robertson (7) applied statistical quality con- 
trol to detect causes of shrinkage in dairy 
products. He used weight instead of volume 
in accounting fer materials at various stages 
of the process. Control charts were applied 
to the processing, flavoring, and freezing op- 
erations. Samples were taken on bulk ice cream 
every 7.5 min., on pints every 10 min., and on 
slabs every 15 min. 

Since quality control techniques have received 
such widespread application and have brought 
about substantial economic benefits in other 
industries, it seemed desirable that their use 
in the ice cream manufacturing plants be in- 
vestigated further. 


RESULTS AND DISCUSSION 
Applicability of control charts to ice cream 
packaging operations 

A preliminary study was conducted to deter- 
mine the type of control chart(s) that could 
be used to measure the weight uniformity of 
pint and half-gallon packages of ice cream. 
A package contained 8 pt. or 2 %-gal. of ice 
cream, 

A small efficiently run ice cream plant that 
fled pints by machine and half-gallons by 
hand was selected. Weighings were made on 
different runs over a ten-day period, on a 
seale graduated in 14-0z. divisions. Subgroups 
consisting of five consecutive packages were 
set up. 

Several runs were plotted from the prelimi- 
nary data, to test the applicability of conven- 
tional X and R charts. The results indicated 
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TABLE 1 


Data used for comparing 


conventional mean and range charts 
using a moving range* 


Individual values 


with control chart for means 

















Subgroup Moving 
numbers A B Cc D E Mean R range 
SS - (lb.) 
1 5.73 5.73 5.73 5.73 5.73 5.730 0.00 
2 5.80 5.75 5.75 5.76 5.75 5.762 0.05 0.03 
3 5.75 5.76 5.78 5.76 5.81 5.774 0.06 0.01 
+ 5.80 5.80 5.86 5.80 5.81 5.812 0.06 0.04 
5 5.84 5.84 5.84 5.86 5.84 5.846 0.02 0.03 
6 5.80 5.81 5.81 5.86 5.78 5.832 0.08 0.01 
7 5.78 5.76 5.76 5.76 5.78 5.771 0.02 0.06 
8 5.76 5.78 5.7 5.75 5.7% 5.765 0.05 0.01 
9 5.73 5.7% 5.78 5.73 5.70 5.742 0.08 0.02 
10 5.78 5.75 5.7 5.72 5.75 5.750 0.06 0.01 
1] §.738 5.72 5.72 5.73 5.728 0.01 0.02 
12 §.72 5.72 5.72 5.73 5.728 0.03 0.00 
13 5.73 5.69 5.72 5.69 5.728 0.04 0.00 
14 5.73 5.73 5.72 §.73 5.731 0.01 0.00 
15 5.58 5.56 5.55 5.562 0.03 0.17 
16 5; 5.67 5.68 5.662 0.07 0.10 
17 5. 5.76 5.75 5.75 5.743 0.04 0.08 
18 5.76 5.76 5.80 5.76 5.774 0.04 0.03 
19 5.72 5.70 5.72 5.75 5.734 0.05 0.04 
20 5.76 5.78 5.78 5.78 5.771 0.03 0.04 
21 5.86 5.84 5.86 5.82 5.849 0.04 0.08 
Sum 120.800 0.87 0.79 
Average 5.752 0.041 0.039 


“Data were recorded 


that the convertional charts were not satis- 
factory, because many of the values that were 
out of eontrol could not be attributed to as- 
signable causes and, thus, the variations were 
thought to be inherent in the process. Since 
there was some variation between successive 
subgroups, an attempt was made to use the 
chart for means using a moving range. 

To illustrate the difference in the conven- 
tional X and R charts, and the chart for means 
using a moving range, data from a regular 
run were computed and are presented in Table 
1 and in Figures 1 and 2. The example chosen 
not only illustrates the difference in the types 
of charts but also indicates the ability of the 
chart for means using the moving range to 
detect that an assignable cause of variation is 
encountered in the process. 

The conventional mean chart (Figure 1) was 
computed, using three (3) sigma limits. The- 
oretically, 99.73% of the values should fall 
between the upper and lower control limits 
(4), or only approximately three out of 1,000 
should fall outside of these limits due to chance 
alone. In this illustration, ten of the 21 points 
are outside these three sigma limits, which 
would indicate that the process is out of con- 
trol or that the control chart being used is not 
applicable. 
means with limits ceal- 
of each successive two 


The control chart for 
culated from the range 


in ounces, but changed te hundredths 





of pounds for computation. 


subgroup means (Figure 2),* indicates that 
since only six points are out of control, the 
state of control is not as bad as it appeared 
to be in Figure 1. With the charts for means 
and moving ranges, the control limits are wider 
hecause they are now set so as to include the 
variabilities between consecutive subgroups as 
a part of the inherent process variability. 
The operator, on this particular run, started 
the process in control and allowed the product 
to get progressively heavier because he was 
not sampling (weighing) as often as he should; 
however, when he discovered that the weight 
of the packaged ice cream was too heavy, he 


*The formula for the caleulation of the con- 
trol chart limits using the moving range are from 
the ASTM Manual on Quality Control of Material 
CE). 

Upper control limit for means UCL =X — 2(R) 

as 

Lower control limit for means LCL =X — 2(R) 

ds 

Upper control limit for moving range UCLrm = 

DiR 

Lower control limit for moving range LCLrm 

DsR 


The constants de, Ds, and Ds depend on the sub- 
group size, and their values can be found in any 
standard textbook on statistical quality control. 
For a subgroup less than seven, Ds is zero. When 
caleulating control limits for this type of chart, 
use these constants associated with N equals two. 
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RANGE (R) WEIGHT AVERAGE (X) WEIGHT (LBS) 





“20 LCL 5.730 





UCL 0.080 
9.038 





SUBGROUPS 


"1G. 1. Subgroups of package weights plotted on conventional mean and range charts. 
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SUBGROUPS 


Fig. 2. Subgroups of package weight plotted on control charts for means and moving 


range. 
made a drastic adjustment between Subgroups Both range charts, which are a measure 
5 and 6. Thirteen gallons of the product were dispersion, exhibited process control. 
packaged before the process was in control, The average of a subgroup of five 


The next two points that are out of control, plotted as an individual measurement (X), 
in Figure 2, are on the low side and are the and the range was computed from the differ- 
result of the operator allowing the mix to run” ence in sequences of two measurements 
out of the flavor tank, therefore causing the X.), (X., Xs), (Xs, X.), and so on. 
packages to be light. Burr (2) found that using two standard 
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deviation limits rather than three is preferable 
for the control chart for means based on the 
moving range. This is true because, with points 
oceurring over a wider range due to the varia- 
tion between subgroups, the chart is then more 
sensitive in detecting assignable causes. 

The experience gained with the control charts 
for means using the moving range indicated 
that it would provide better information for 
controlling the ice cream packaging operations 
than the conventional X and R charts. It 
possible that the conventional X and R charts 
could be adapted to very rigidly engineered 
and controlled operations, but it was believed 
that most dairy plants could not operate at 
this level of control. Therefore, it was decided 
that the control chart for means using a mov- 
ing range would be used in evaluating the state 
of control in ice cream packaging operations 
as the study was expanded. 


is 


Factors affecting the state control of ice 


cream packaging operations 


of 


Five plants that varied in volume of frozen 
products, type, and size of equipment, and 
methods employed, were selected from which 
to obtain data for this portion of the study. 

A period of time was spent getting acquainted 
with the freezing personnel, particularly the 
freezer operator, in order to gain a_ better 
understanding of the plant and its policies. 
Questions were asked concerning the desired 


weights, package tolerance, the method of 
weighing packages for control, and whether 


inajor emphasis was placed on quality or quan- 
iucy. All of the piants studied had established 
desired weight and tolerance limits for each 
type and flavor of ice cream. However, there 
was a difference in the extent to which the 
various plants adhered to the limits of weight 
that were established. 

The weekly production schedule was studied, 
to select those flavor runs that would provide 
the type of information needed most. 

The weighings were made on the conveyor 
between the packaging operation and the hard- 
ening room, that any adjustments to the 
freezer(s) or malfunetions in the process could 
be observed and recorded. The packages were 
weighed on a Model 4030 Toledo seale which 


so 
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had graduations in one-hundredths of a pound. 
Subgroups of five consecutive packages were 
taken at to 10-min. intervals while the 
freezer and packaging machine were in opera- 
tion. Continuous readings were made at the 
beginning of each run, to establish the length 
of time and the number of gallons that were 
packaged before the operator got his machine 
under control. Continuous readings were also 
taken when an adjustment was made to the 
freezer, to determine the number of gallons 
packaged before the package weight was af- 
fected. This procedure was utilized throughout 
the study, regardless of whether hand- or ma- 
chine-filling was employed. 

The automatie fillers used in all of the plants 
were obtained from the same manufacturer; 
however, they were operated at different speeds, 
depending upon the plant and the flavor manu- 
factured. Only one plant had an automatic 
half-gallon filling machine. The other plants 
were hand-filling half-gallons, with two people 
who usually alternated at the filler. 

A tabular deseription of the degree of mech- 
anization appears in Table 2, which shows 


i- 


TABLE 2 
Deseription of the degree of mechanization 
the packaging operations in five plants 


of 





Average filling 











speed 
Methods of (gallons 
filling per hour) 
Half- Half- 
Plant Pints gallons Pints gallons 
A Machine Hand 370 420 
B Machine Machine 400 450 
C Machine Hand 430 270 
D Machine Hand 300 250 
Hand 210 
E Hand Hand 240 330 
methods of filling and filling speed. 


A description of types and sizes of freezers 
appears in Table 3. This table also gives the 
number of people used on the filling operation. 

The filling speeds listed in Table 2 do not 
include the filling of the three-flavored prod- 
ucts (CVS). 


TABLE 3 
Description of types and sizes of freezers and number ot people used on the filling operations 


Number of freezers 


(gallons per hour) 


Plant 150 200 300 400 
A 2 l 
C 1 
D 3 1 
E 1 l l 


* Machine 


Number of people 
Type of freezers 


Half- 

x Y Pints gallons 
3 ¥ 3 
2 37 
2 l y 3 

3 2" 4 

4 

1 2 +4 + 


operations; all others are hand operation. 
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The number of freezers indicated in Table 
3 are not the total number of freezers in the 
plant, but are the ones used on the filling of 
pints and half-gallons. The number of people 
designated in the last column are the only 
people associated with the packaging operation. 
The freezer operator is not included. 


Starting runs 


An important factor in the operation of con- 
tinuous freezing equipment is knowing when 
to start packaging the extruded product, i.e., 
when is the body of the product at the right 
texture and dryness, and when is the weight 
as near to the desired as is possible to estimate 
by visual inspection and by the gauge readings? 

Figure 3 is a graphical presentation of the 
number of gallons packaged in all of the plants 
before the weight was in control. In 47% of 
the runs, the desired weight was attained after 
freezing less than 6 gal. It was necessary to 
freeze 6-20 gal. in 339% of the runs before 
control was accomplished. In 20% of the runs, 
more than 20 gal. had to be frozen to get the 
process in control. 

The experience and knowledge of the oper- 
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ator are the most important factor in obtaining 
a state of control. He usually knows the gauge 
settings and peculiarities of his equipment and 
should be able to start with package weights 
that are relatively close to those desired. Be- 
fore making adjustments, the operator should 
weigh five packages and note the difference 
among them. If the weight is not in control, 
then an adjustment may be made. By follow- 
ing this procedure, the operator may be rela- 
tively certain that the machine is not in the 
process of an adjustment, and will have a more 
reliable index of the weight. 


Adjustments 


The operator of the freezer must know when 
to make an adjustment, the magnitude of the 
adjustment required, and the interval of time 
necessary for the adjustment to take effect. 
The control chart will indicate the need for an 
adjustment. The magnitude of an adjustment 
and the time interval usually are known by 
experience, 

Table 4 shows the average number of gal- 
lons that were packaged in five plants between 
an adjustment and an observed change in the 
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Fig. 3. Observed frequeney of gallons packaged before the desired weight was attained 
in starting runs. 
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TABLE 4 
Average number «* . allons of ice cream packaged 
after an adjv: ...%% was made and before 
the adjustment took effect 


Average number 


Plant of gallons 
A 10.4 
B 9.7 
¢ 10.0 
1) 10.6 
Dy 9.0 


weight of the product. The number of gallons 
varied from 9.0 to 10.6 and is related to the 
particular setup of the plant, i.e., the number, 
size, and make of the freezers, and the distance 
of the packaging operation from the freezing 
equipment. 


Short runs 


Freezing small quantities of frozen product 
poses a problem to the ice cream manufacturer. 
Not only are short runs hard to control but 
they also result in a low output per man-hour. 
A short run, for this study, is one in which 
less than 200 gal. of ice cream were frozen. 

Figures 4+ and 5 illustrate the variability in 
package weights that was present in short runs 
of pint units of frozen product. Both of these 
figures demonstrate a poor state of control for 
the process. They have points outside of the 
control limits, upper and lower, and wide vari- 
ation on the range chart. Figure 4 represents 
a vanilla ice milk machine-filled run from 
Plant C that is typical of the plant’s operation. 
The amount frozen in this particular run was 
130 gal. and the desired weight of the package 
was 5.06 lb. The packaging speed was 350 
gal. per hour. The operator was unable to 
get his process in control because of his sam- 
pling and adjustment practices. Only one-fourth 
of the points are in control, and the remainder 
are spread above and below the control limits. 
The process was centered 0.20 Ib. too heavy, 
and the control limits are 0.36 lb. apart or 
0.18 lb. on either side of the mean. The level 
of the process will result in a loss of product 
to the manufacturer, since the packages aver- 
age over 3 oz. too heavy. 

An illustration of hand-filled run from Plant 
D) is presented in Figure 5. It was a chocolate 
ice cream run of 120 gal., with a filling speed 
of 200 gal. per hour. The operator desired 
that the process be centered at 5.75 Ib. Ae- 
tually, it was centered at 5.81 lb., or approxi- 
mately 1 oz. too heavy. Three of the 11 points 
are out of control on this chart. The control 
limits are 0.26 lb. apart, or 0.13 Ib. on either 
side of the mean. This plant made several 
short runs. Plant D, a hand-filling operation, 
could adapt to short runs 2asier than Plant C. 
However, short runs of product were out of 
control in both plants, and it is believed that 
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considerable improvement and savings can be 
attained by using a good control program. 


The difficulty in controlling short runs exists 
because of the time factor. Oftentimes, the 
run is completed before it is brought under 
control. This condition is encountered more 
often with machine-filled packages, because of 
the additional time needed for adjustment. Also, 
the filling speed is usually greater, which re- 
duces the time available for attaining a state 
of control. On the other hand, adjustments can 
be made quickly to control the weight to a 
degree by an experienced person(s) who is 
hand-filling packages. Because of the need for 
short runs in most plants, a method for con- 
trolling them appears in a later section. 


Long runs 


Long runs are most desirable in an operation 
from the standpoint of management and labor. 
If the plant has the facilities, i.e., a large 
hardening room, automatic filling equipment, 
and adequate freezer capacity, the process can 
be controlled better. A product can be run for 
a long time and the machine will not have to 
be reset, changed, or cleaned for this period. 
The operator can relax more on the adjustment 
he makes and allow the process to settle at a 
well-defined level. He is not pushed by the 
fact that he must try to get the machine on 
the desired weight as quickly as he does on 
short runs. Long runs involved freezing more 
than 200 gal. 

Data on a long machine-filled run of vanilla 
ice cream pints are presented in Figure 6. This 
run was a 6-hr., 2,000-gal. run that was sam- 
pled approximately every 10 min. The first 
subgroup was excluded in the calculation of 
the control limits because it was so far out of 
line. However, the point is plotted on the 
charts. After the machine was running prop- 
erly and the process was in control, only four 
additional adjustments were made during the 
operation. The adjustments were made between 
Subgroups 14 and 15, 20 and 21, 26 and 27, 
and 30 and 31. The amount of variation found 
on this chart is typical of this particular op- 
eration. The control limits are 0.36 lb. apart 
and are narrower than the tolerance limits for 
this operation. This particular run was in a 
better than average state of control; however, 
there were some operations that exhibited a 
still better state of control. 


Methods of improving the state of control of 
ice cream packaging operations. Controlling 
short runs 

The bulk of the work in the application of 
statistical quality control methods to the short 
run process consists of devising the appropri- 
ate technique. It is clear that the determining 
factor is time, and not necessarily the number 
of units produced. If the number of units to 
be processed is 100 gal. and the machine is 
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Mean and moving range control charts for a 6-hr., 2,000-gal. vanilla ice milk run. 


) Denotes point of freezer adjustment. 


packaging at the rate of 300 gal. per hour, it 
takes about 20 min. to make a run; therefore, 
the control limits must be ealeulated prior to 
starting the freezing operation. 

A way to prepare for these runs is to caleu- 
late the limits from data that have been col- 
lected on previous short runs of the frozen 
product. An estimate of the standard devia- 
tion or the variation between package weights 


can be made from the range values (O° = R), 
de 

and the desired weight can be used as the 
mean. Using this type chart, the operator can 
tell when to make an adjustment more aceu- 
rately than by guessing. 

Figure 7 is an example of control limits 
computed for individual short runs, using their 
individual means and ranges. 
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Fig. 7. Mean and moving range control charts for four short runs. 
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The mean weights of all these runs were 
centered at 5.75 lb., which was the desired 
weight; however, the means for two of the 
runs were higher than this value, while two 
were lower than 5.75 lb. The control limits 


vary because of the variance within a run, Le., 
the range between subgroups. The separate 
runs in Figure 7 are denoted as A, B, C, and 
D. This illustration shows that Runs A and C 
have no points out of control; however, the 
width of the control limits for these runs 
should be noted. 

Figure 8 is an example of the same four 
runs (A, B, C, and D) plotted around the 
common control 


mean value, using mutual or 
limits. The weighted average standard devia- 


tion of package weights was used to calculate 
these limits. The control limits were calculated 
by using the weighted average range value for 
all the runs and then computing an estimate 
of the standard deviation to place around the 
desired weight of the product. 

The mean for the range chart is calculated 
from the weighted average range value, and 
the upper limit is arrived at by multiplying 
this value by D, for N equals two. 

The results indicate that the process is cen- 
tered, for most of the runs, above the target 
value, which means that the actual runs were 
producing units that were heavier than desired. 

The actual limits for the X chart are ap- 
proximately 0.44 Ib., or 0.22 lb. on either side 
of the mean. These limits are wide; in fact, 
they are 0.03 lb. wider than the tolerance limit 
for the operation, which was 3 oz. on either 
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wide because the weighted average range value 
for the four runs was unusually large. 

Although the limits are wide, this chart will 
provide a guide to attain a better state of con- 
trol, because it is a means of identifying as- 
signable causes. If the process improves, new 
control limits should be computed. 


Changes in level of control 


A change in level is usually indicative of an 
inherent change in the process. Thus, the aver- 
age (X) and range (R) on the charts are no 
longer the true ones, and if the change is going 
to be permanent, new control limits will have 
to be caleulated. 

There are two types of changes in the level 
of a process, a gradual change and an abrupt 
change. 

A gradual change in the level of a process 
happens slowly over a period of time; how- 
ever, it may reach the point where it is not 
possible to correct the process by adjustments 
made at the freezer. When this condition ex- 
ists, a major change in the operation becomes 
necessary or new control limits must be 
calculated. 

Mean and moving range Charts A and B in 
Figure 9 are illustrations of a process that 
experienced a change in level. New control 
limits were calculated at Subgroup 32 because 
the process was out of control by the old limits. 
The cause of this change in level was not ascer- 
tained at the time of sampling. Abrupt changes 
in the state of control are usually the fault 
of the operator and are picked up quickly by 
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from the average weighted range values. 


The desired weight was used as the mean for the X 


Mean and moving range control charts for four short runs plotted on common 


chart, and limits computed 
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changes are too much rework in the flavor tank, 
running out of mix, drastic adjustment on the 
air control valve, and changes in the ammonia 
back-pressure valve. Ordinarily, corrections 
ean be made by the freezer operator. 


Change in width of control limits 


When a control chart for ranges exhibits a 
decrease in the distribution of individual points, 
mew control limits should be caleulated, if this 
change indicates an improvement in the manu- 
facturing process. 

If the spread of points on the range chart 
hecomes greater, an assignable cause should 
be sought. If the wider dispersion represents 
a permanent increase in the range as a result 
of some basic changes in the operation, new 
limits should be caleulated. These new limits 
would be wider than the original. 

There may be a change in the spread of the 
control limits with no change in the level of 
the process. If the process improves to an 
extent that the range chart must be recaleu- 
lated, the X limits will be narrowed. Mean and 
moving range Charts A and B in Figure 10 are 
illustrations of a vanilla run and a chocolate 
run that were processed on the same machine. 
The chocolate run followed the vanilla run 
without shutting down the machines. Part A 
of Figure 10 is the vanilla run and the limits 
are 0.2 lb. apart. Part B of Figure 10 is the 
chocolate run and the limits are 0.29 lb. apart. 
Process A was centered at the desired weight; 
whereas, Process B was 0.04 lb. higher. Both 
processes demonstrated good control. 

The range value for Process A was smaller 
than for Process B, and accounts for the limits 
being narrower for the vanilla run. 


SUMMARY 


The application of statistical quality control 
techniques to pint and half-gallon ice cream 
packaging operations has been demonstrated. 

The control chart for means using a moving 
range was found to be a useful technique for 
controlling the weight of pint and half-gallon 
ice cream packaging operations. 

A sampling frequency of 10-min. intervals 
on runs above 200 gal. was found to be satis- 
factory. Runs less than 200 gal. required more 
frequent sampling. The time interval should 
not be less than that required for 9 to 11 gal. 
to pass through the freezer, because this time 
is necessary for an adjustment to reflect in 
the package weight. 

A technique for controlling short runs was 
presented. The desired package weight was 


used as the mean, and the control limits were 

computed from the weighted average range 

values of previous runs. 

Factors that affected the state of control 
were illustrated and diseussed. The factors 
were grouped into two categories: (1) those 
over which the operator had no control during 
the operation, and (2) those that he could 
control by making adjustments during the op- 
eration of the freezer. It was suggested that 
where the operation could not be brought under 
the desired state of control by mechanical ad- 
justment to the system and/or freezer, new 
control limits would need to be calculated. 

It was easier to maintain a good state of 
control on long runs than on short runs. 

The use of quality control techniques should 
improve the control of the weight of ice cream 
packages. 
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USE OF DIRECT STEAM INJECTION IN FOOD PROCESSING ! 


ArTHUR I. MorGan, JR. 


Western Regional Research Laboratory,” Albany, California 


The use of steam-injection heating is at 
least 50 yr. old. Our purpose in considering 
it now is to increase its usefulness. Our work 
at the Western Regional Research Laboratory 
has been done to improve basic understanding 
of steam injection, so that better designs and 
hetter conditions of operation can be adopted. 

The advantage of steam-injection heating of 
fluid foods is primarily its speed. Other bene- 
fits are the simple, small apparatus involved, 
and its low maintenance when properly oper- 
ated. Objections to the method have included 
dilution of the food, contaminetion by dirty 
steam, and noisy or unstable operation. Each 
of these objections can be overcome by suit- 
able design. 

Current commercial uses of steam injectors 
comprise killing microorganisms in fluid foods, 
destroying undesirable enzyme systems in fruits, 
heating for miscellaneous purposes, pumping, 
and mixing. A special case of heating involves 
warming of a product under pressure, followed 
by flash cooling through sudden reduction of 
pressure on the combined feed and condensate 


(i); 


Presented at the Third Milk Concentrates Con- 
ference, October 16, 1958, at Madison, Wisconsin. 

“A laboratory of the Western Utilization Re- 
search and Development Division, Agricultural Re- 
search Service, USDA. 


Numerous devices have been patented and 
used for steam injection (4). Several tubes 
with curved interior vanes and rings of steam 
ports have been employed. A popular design 
involves a conical tank with a conical insert, 
steam being injected into the adjustable space 
between the two bodies. Several designs use 
venturi tubes with steam entering at the throat. 
One version includes mechanical agitation from 
a central shaft. Some designs use baffled tubes 
to insure condensation and mixing. A new type 
uses a series of steam ports, drilled in a helical 
pattern along a tube (3). 

A very simple steam injector has been used 
at our laboratory. It is shown in Figure 1. 
The liquid is pumped through A into body, B, 
which is a 6-in. length of %4-in. stainless steel 
pipe. Steam enters tangentially through the 
side arm which may be seen in the end view, 
F. The combined feed and condensate warm 
thermocouple, C, which is connected to the 
steam flow controller. This controller must be 
a rapid-acting type. The warmed liquid passes 
through orifice, D, and flashes into exit line, E. 
The axis of flow in the steam port is pointed 
down the liquid stream slightly. This hole in 
the pipe wall, B, through which the steam 
enters, is 3/16-in. in diameter, bored nearly 
tangentially to the inside wall of the pipe. 

During the course of this work, solutions 








Fig. 1. Experimental steam injector. 
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have been found to some objections to steam- 
injection heating in the dairy industry. The 
dilution of a product can be eliminated by 
flashing the mixtuie of feed and condensate 
into a vacuum, such that the liquid tempera- 
ture is restored to the temperature it had on 
entering the injector. This also sharply termi- 
nates the heat treatment after any predeter- 
mined duration. Undesirable odors may be re- 
moved with steam flashed off. One arrange- 
ment of this kind is drawn in Figure 2. 

The contamination of the product by boiler 
steam may be avoided by injection of clean 
steam generated in an unfired reboiler. In this 
vessel, boiler steam would condense inside tubes 
submerged in pure water. In this way, no 
excess makeup water for the main boiler would 
be needed. Liming ean be controlled on the 
outside of such tubes by using softened or 
fully deionized water, together with continu- 


Feed 


JOURNAL OF DAIRY SCIENCE 


ous blowdown. If 1 sq. ft. of reboiler tube 
area is used for each pound of steam per hour 
needed, the difference in pressure between the 
clean steam and the boiler steam would be less 
than 10 p.s.i. A centrifugal separator should 
be used to remove entrained liquid from the 
clean steam. 

The arrangement of the injector itself should 
follow five rules: 

(1) The flow inside the injector must be 

turbulent. 

(2) There should be no solid wall with steam 

on one side and feed on the other. 

(3) The axis of the steam jet into the liquid 
should not form a right angle with any 
of the solid surfaces containing the 
liquid. 

The output of the pump forcing the 
liquid into the injector must be rela- 


(4 
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tively insensitive to pressure changes in 
the mixing chamber. 

(5) The pressure inside the injector must 
be between 3 and 15 p.s.i. higher than 
the saturated pressure for the attained 
temperature. 

There are several operating conditions which 
should be observed. Most important of these 
is that the steam outside the port of entry into 
the liquid should have an absolute pressure 
at least 175% of the liquid pressure inside. 
Steam flow will then be independent of the 
liquid pressure in the mixing chamber. This 
requirement stems from the fact that gas flow 
in a convergent nozzle is limited to the sonic 
velocity (5). 

Some of the most heat-sensitive milk solids 
tend to concentrate at gas surfaces. The steam 
jet is warmer than the liquid to the extent 
that the pressure is higher than the saturated 
pressure at the liquid temperature. Therefore, 
the lower this pressure difference can be kept, 
the less overheating the liquid will suffer. A 
more effective means of reducing heat damage 
is to limit the time of exposure. The more 
rapidly a surface disappears, the less time 
colloidal solutes will have to diffuse toward it 
(2). The most important factor controlling the 
age of the interface is the amount of noncon- 
densable gases liberated by heating the liquid. 
If the product is well deaerated, the surface 
age can be reduced to a few milliseconds, as 
shown below. 

In order to determine many of these facts, 
high-speed movies were taken of a glass model 
injector. This was similar to the steel injector 
shown in Figure 1. The steam jet proved to 
he periodic, as shown in Figure 3. In this 
figure, the appearance and disappearance of 
the jet may be seen, although the smaller bub- 
bles obseure the picture. The frequencies of 
the jets were in the low audio range, decreasing 
with increasing injector temperature. Souk. 
intensity was not unpleasant, provided that the 
diameter of the steam port was less than 14 in., 
using sonic velocity steam. 

The amount of injected steam unavailable 
for heating depends on the noncondensable gas 
volume and Ap, the difference between injector 
pressure and saturated pressure at injector 
temperature. The relation is shown in Figure 
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CT OF DISSOLVED GASES 
Fig. 4. Lffeet of dissolved gases. 

The outstanding feature of steam injection 
remains its great rapidity of heating. Heat 
transfer coefficients are the reciprocal of the 
resistance to heat transfer. An acceptable value 
for warming a liquid inside a tube by steam 
condensing outside might be 2,000 Btu/hr/ft * 
° ¥F.T.D. For steam injection, the value is 
350,000 Btu/hr/ft*/° F.T.D. This value was 
-aleulated from the observed steam bubble area 
and the known rate of heating. For this reason, 
enormous heating rates result from exposure 
to a surface only a few degrees Fahrenheit 
hotter than the temperature to which the liquid 
is being heated. 

The steps in design of an injector, of the 
type shown in Figure 1, are to caleulate in- 
jector diameter, length, and number and size 
of steam ports. 

Turbulent liquid flow begins where the Rey- 
nolds number exceeds about 4,000. This num- 
ber, the product of liquid mass velocity and 
pipe diameter, divided by liquid viscosity, can 
be caleulated by using any consistent set of 
units. The injector diameter should be chosen 
so that this ratio will be over 10,000. The 
length of the injector should then be caleu- 
lated from the desired heat treatment duration, 
allowing some 5 ml. per port for steam jet 
volume, provided the feed is well deaerated. 
The quantity of steam needed can be caleu- 
lated from the heat necessary to raise the tem- 
perature of the feed. The amount of steam 
a port of given size passes at sonic velocity 





Photographs of steam injector. 





1696 JOURNAL OF DAIRY SCIENCE 


can be calculated from the steam pressure. 
About twice as much port area should be al- 
lowed as can be calculated from this relation- 
ship. 

The use of steam injection heating for food 
products, even dairy products, is well estab- 
lished. It has been proved practical for use 
in sterilization or pasteurization of whole milk. 
Injection heating, when used as outlined above, 
possesses many unique advantages for the dairy 
industry. 
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HERD MANAGEMENT IN LOS ANGELES COUNTY 
COMMERCIAL DAIRIES! 


J. L. ALBRIGHT 


Department of Dairy Science, University of Illinois, Urbana 


The fact that dairies are becoming larger 
and more specialized has been widely discussed. 
The corral or dry-lot systems of commercial 
dairies in Los Angeles County, California, are 
the leaders in this movement due to their 
uniqueness and disregard for dairy traditions 
of the past. Dairying in this area consists pri- 
marily of large capital investments, large num- 
hers of cows, hired labor, and purchased feeds. 
Few replacements are raised in this congested 
area; therefore, herds are maintained by large 
shipments of cows from within and outside the 
state. 

This system developed under almost urban 
conditions and is supported by a large con- 
sumer market which is isolated by ocean, des- 
ert, and mountains from distant areas that are 
perhaps better adapted to dairying. Neverthe- 
less, Los Angeles County is the leading dairy 
county in the United States. This county has 
more dairy cows, greater total production, and 
a larger dairy income than any other county. 
Of the 855,000 acres of farm land in the 
county, 1.3% is devoted to dairying (15). As 
land prices increased and urbanization con- 
tinued, more dairies have moved to adjoining 
counties (Orange, San  Bérnardino, and 
Ventura). 

Four hundred seventy-eight commercial dair- 
ies, milking 105,904 cows, are located in’ Log 
Angeles County (12). These commercial dairiés 
average 222 cows per herd. The location of 
these herds is shown in Figure 1. During the 
1958 calendar year, 49,733,544 lb. of butterfat 
worth more than $70,000,000 to dairymen were 
produced in this county. During 1958, the av- 


‘Paper presented before the 100 Cow Club 
Meeting, May 12, 1960, at Denver, Colorado. 
Meeting sponsored by the Extension Service and 
Department of Dairy Industry, Colorado State 
University, Fort Collins, Colorado. 
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Fig. 1. Location of 478 commercial dairies and 
105,904 cows in Los Angeles County, 1958-1959 
(78 )." 

“Tn 1957-1958, 521 commercial dairies with 
112,000 milking cows were present in Los Angeles 
County (11). 


erage Los Angeles County cow produced 12,816 
lb. of milk and 481 Ib. of butterfat. This is 
compared to a California D.H.I.A. average of 
11,022 lb. of milk and 432 lb. of butterfat; and 
a national D.H.I.A. average of 10,068 Ib. of 
milk and 394 lb. of butterfat. 

By maintaining high, efficient milk produe- 
tion close to the milk-consuming area, milk 
price¥ in metropolitan Los Angeles are among 
the lowest in the nation’s major markets (17). 
The same was true in 1955, when a standard 
bottle of home-delivered homogenized milk sold 
for 21.5¢ in Los Angelés as compared to the 
national average of 23.2¢ (17). 
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Price per quart 
homogenized in 
paper container 
(1958 figures) 


(cents) 
New York City, New York 23 to 29 
Chicago, Illinois 23% 
Philadelphia, Pennsylvania 251% 
Seattle, Washington 25% 
Dallas, Texas 23 


oo 


Los Angeles, California 22 


Although milk prices to the consumer in Los 
Angeles are relatively low, Los Angeles dairy- 
men yearly sell a higher proportion of their 
milk at Class 1 prices than do dairymen in 
most other milksheds. Part of this is due to 
the strong cooperative spirit that pervades the 
entire Los Angeles dairy industry. By leveling 
out their production to fill the seasonal demands 
of the distributors for fluid milk, dairymen 
have been rewarded by 100% Class 1 milk 
contracts. 

Any business enterprise can be divided into 
four parts for the purpose of analysis—land, 
capital, labor, and management. 


LAND 


Los Angeles County can be divided into five 
dairy areas and ranked in order of their dairy 
cow populations (Figure 1): 

1. Southeast (Artesia, Dairy Valley, Downey, 
Norwalk)—367 herds. Approximately 80% of 
the dairy cow population is located in this 
region. 

2. San Gabriel (Areadia, El Monce, Pomona, 
Puente)—53 herds. 

3. Southwest (Compton, 
rance)—40 herds. 

4. San Fernando 
herds. 

5. Antelope Valley (Lancaster, Palmdale— 
three herds. 

According to Weber (15), in the 1930’s the 
dairies were widely dispersed throughout the 
county. As the population grew, an increased 
pressure was exerted on farm lands. For ex- 
ample, Adohr Farms, a dairy that milks some 
2,000 cows, was developed and located at Tar- 
zana until forced by zoning and housing or- 
dinances to move to Camarillo (Ventura 
County) in 1948. Also, subdivisions and high 
land values forced many of the dairies out of 
the southwestern section and San Gabriel Valley 
(Pomona). There has been a large migration 
of commercial dairymen into the Chino area, a 
region that is relatively free from the growth 
of Los Angeles. Currently, dairy land valua- 
tions are between $3,500 and $6,000 per acre 
(15). 

It is true that many dairies have been forced 
to move to other locations. However, many of 
these were 1-, 2-, and 3-cow herds during the 
years 1947 to 1959 (11, 12, 16). Table 1 illus- 
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TABLE 1 
Approximate size of herds in Los Angeles 
County (12) 
Approximate 


No. in herds Number of herds 





1958-59 





1947-48 
] 2,223 187 
2 787 149 
3 243 59 
4 96 37 
5 68 25 
6-10 108 38 
11-20 82 26 
21-40 106 19 
41-60 144 24 
61-100 270 60 
101-150 227 78 
151-200 112 121 
201-300 80 115 
301-400 24 41 
401-500 10 18 
501-1000 20 24 
1001-2000 2 9 
4,602 1,023 


trates the change in the dairy industry in Los 
Angeles County. It can be readily seen that 
there is a substantial increase in the number 
of 200-300-, 301-400-, and 401-500-cow herds. 
The day of the backyard family cow is rapidly 
disappearing. 

Attempts were made to establish dairies in 
the Antelope Valley, a region of desert-like 
agriculture. High water costs, inefficient trans- 
portation, hot climatic conditions, and lowered 
production per cow combined to cause this 
migration to meet with failure (15). This may 
partially explain why only three herds are lo- 
cated in this region today. However, it has 
hecome an important alfalfa hay—producing 
area, 

Zoning. In 1952, the 17-sq. mi. Artesia-Bell- 
flower district was zoned in favor of maintain- 
ing a large segment of dairy industry for Los 
Angeles County (11). An excellent example of 
incorporation of the dairy area occurred when 
a city called Dairy Valley was formed. This 
city has been in operation since 1956 and is 
governed by local dairymen. During 1957-59 
six new dairies were established in Dairy Valley. 

Typical of milksheds located close to large 
municipalities, many of the dairymen’s prob- 
lems remain unsolved in spite of incorporation. 
Dairymen must continually be aware of their 
proximity to surrounding areas and. strengthen 
their public relations with local residents. In 
this regard, the problems of flies and odors 
are constant ones. 

Flies and manure problem. It has become 
increasingly difficult for Los Angeles County 
dairymen to secure adequate removal of manure 
from their corrals. Much of the local citrus 
acreage has been converted into residential 
areas and the heavy use of commercial ferti- 
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lizer by home owners has made manure, for- 
merly a revenue producing by-product, into a 
liability. It reached the point in the 1950's 
that dairymen were unable to sell the corral 
cleanings at a profit. Generally speaking, they 
were fortunate to have it removed on a break- 
even proposition and more often than not had 
to pay to have the corrals cleaned. Public 
health officials, home owners, and dairymen 
became increasingly concerned with this diffi- 
eult problem. 

In 1957, a group of progressive dairy owners 
formed a dairy fertilizer cooperative. Shares 
in the cooperative were sold on a per-cow basis. 
Fertilizer haulers were organized and markets 
were obtained throughout the state. Trucks 
which transported hay into Los Angeles were 
re-equipped to carry the fertilizer to market. 
Perhaps most important, a site for the com- 
posting of fertilizer was obtained in the city 
of Dairy Valley. It is felt by the Livestock 
Department of Los Angeles County that the 
control of animal diseases has been greatly en- 
hanced by the improved sanitary surroundings 
and by the control of flies (11). 

Drainage. Although this region has an ex- 
cellent climate, with very little fluctuation in 
temperature and limited rainfall, inadequate 
drainage remains a problem with the low-lying 
land in this county. Individual operations have 
been confronted with serious problems in the 
drainage of excess water. For example, during 
the winter months of 1957-58 on certain dairies 
the mud and manure quagmire reached such 
a point that men on horseback drove the cows 
into the barn and oceasionally cows fell down 
and had to be pulled out with a derrick. These 
situations are of an occasional nature but pre- 
sent considerable difficulty when they oceur. 


CAPITAL 

Recent estimates indicate that the average 
Los Angeles County dairyman has an invest- 
ment of approximately $1,000 per cow for land, 
buildings. equipment, cows, feed, and liabilities 
(1, 2, 11, 15). The average commercial herd 
in Los Angeles County has about 222 cows 
and the average investment per dairy approxi- 
mates a quarter of a million dollars. 

Records from an accounting service involv- 
ing 39 Los Angeles County commercial dairies 
that purchased all or most of their replace- 
ments were studied over a 4-yr. period (1956- 
59). The average size dairy had 290 milking 
cows and an average investment per cow of 
$1,004. Considerable variation existed in these 
dairies, with a range of $403—$1,635 in invest- 
ment per cow. 

Recently, at a Milk Producers Council Meet- 
ing (5), the following figures were presented 
on the investment of a typieal Los Angeles 
dairy: 
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TABLE 2 
Investment in a typical dairy * 














Average Average 
(10 dairies averaging per per 
326 cows) dairy cow 
Dairy farm: 
Land $ 54,442 $ 167 
Milkhouse, barn, grain 
room, and driveways 29,340 90 
Corrals 17,604 54 
Hay barns 6,194 19 
$107,580 3 330 
Ilerd and equipment: 
Dairy herd $110,514 $ 339 
Equipment 25,754 79 
$136,268 3 418 
Feed inventory $ 26,080 $ 80 
Total investment in 
physical assets $269,928 $ 828 
Accounts receivable—sale 
of milk $ 17,930 $ 55 
Total investment $287,858 $ 883 
Liabilities: 
Hay and grain dealers $ 8,802 $ 27 
Cow dealers 3,586 11 
Hay loans—bank 23,798 73 
Cow loans—bank 33,578 103 
Real estate loans 37,164 114 
Unsecured notes 11,736 36 
Total debt $118,664 $ 364 








Grand total $406,522 $1,247 


‘ Notes: 
1. Eight out of ten of the above dairies used 
pipelines at an average cost of $10,192. 
2. Other average costs (each): 


Bulk milk tanks $4,302 
Hay barns 3,463 
Corrals 1,574 


Credit. The large investment in cows, hay, 
and equipment forces many Los Angeles dairy- 
men to use substantial amounts of credit from 
money-lending sources (banks, credit associa- 
tions, ete.). There is a constant turnover of 
funds in the milkshed and much of the typical 
dairymen’s income is spent before he receives 
it. Because of the size of the producing units 
and their concentration, an unusual organiza- 
tion entitled the Dairy Industry Credit Asso- 
ciation was formed. With offices in Bellflower, 
this company keeps a complete, up-to-date 
credit record on all dairymen in four southern 
California counties. The Dairy Industry Credit 
Association makes credit information available 
to its members, who are commercial banks, 
grain and hay dealers, cow dealers, and dairy 
suppliers. Anyone who extends credit to dairy- 
men is eligible to join. According to Wurm 
(17), this organization extends about $5,000,000 
a month in unsecured credits to southern Cali- 
fornia dairymen. 

The financing of dairy stock and replace- 
ments is generally arranged on what is some- 
times referred to as a capital loan, which is 
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amortized monthly from milk sales. Feed loans, 
based on feed inventories, are also repaid on 
a monthly basis while the cattle consume the 
feed. 

D. M. Kruse of the Seeurity First National 
Bank of Los Angeles states (7): 

“The over-all debt of the borrower is im- 
portant to the lender. For example, if the 
debt to the bank, cow dealers, hay and grain 
dealers, supplymen, ete., approaches the market 
value of the livestock, the borrower will gen- 
erally have difficulty in meeting his payments. 
ast experience indicates that when interest 
and principal payments become too great it 
is difficult for the dairyman to maintain the 
quality of his dairy herd. If this condition 
develops, production declines, and, as a result 
income decreases, the bills become larger, and 
the borrower may lose his entire investment. 

“It is true that all dairymen, farmers, and 
businessmen strive for the day when they be- 
come independent and do not need credit to help 
run their business. However, when an indi- 
vidual has accumulated enough capital to under- 
take a small venture, the money that he may 
borrow to carry feed inventories, or on loans 
secured by livestock and equipment, may assist 
him in enlarging his producing herd, his farm- 
ing operation, or reduce his short-term debt. 
It may also assist him profitwise if he does not 
attempt to expand too fast.” 

Equipment. The 60-, 80-, or 120-cow barn 
(two-string face-in type) is the most common 
in this area. The barns are not large enough 
to accommodate all the cows in the herd at one 
time and require several turn-ins (i.e., a 60- 
cow barn might have three or four turn-ins 
and thus regulate 180-240 cows per milking). 
All barns follow a standard set of specifications 
required by state and local dairy inspectors. 
By a wide majority, dairymen in southern 
California favor the stanchion barn, and new 
construction in progress is almost exclusively 
of that type. The barns’ principal usage is at 
milking and grain feeding time. Previous to 
milking, the cows are kept in corrals of wood 
construction. Each milking string of 30 to 45 
cows is contained in a separate corral. Cows 
are generally retained in the same corral 
throughout their lactation, barring injury, low 
production, ete. One or more dry or stripper 
corrals are also maintained. 

All Los Angeles dairies utilize a stainless 
steel bulk tank for handling milk. Moreover, 
93% of California’s market milk was handled 
through bulk tanks as early as 1956 (3). Bulk 
tanks have resulted in higher quality milk with 
less handling from the dairy to the eventual 
consumer. 

Pipeline milking systems predominate in the 
larger dairies, while the bucket type of milking 
machine is more popular in smaller herds. 

The typical Los Angeles County dairy herd 
owner does not operate a farm and he has 
little capital (if any) invested in farm equip- 
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ment (tractors, silos, mowers, rakes, ete.). 
Grain and alfalfa hay are delivered directly 
to the farm. Some dairymen utilize freshly 
cut alfalfa in areas where it is within hauling 
distance. The price paid per ton amounts to 
about 25% of the current price for baled al- 
falfa hay. In a survey of 39 large dairies in 
this county, one-third fed wilted alfalfa and/or 
silage (1). 

Feed. The typical dairymen in these dry-lot 
operations feed their cows alfalfa hay and 
concentrates at the rate of 14% exeess TDN 
over Morrison’s Feeding Standards (2). Feed 
costs amount to 51% of the total costs of 
production (2). 

In general, concentrates delivered in a ready- 
mix bulk form containing 16% protein are fed 
the year around. Current Los Angeles market 
quotations list 14, 16, and 18% protein mixes. 
Considerable variation exists in the rate of 
grain fed per lactating cow. Weber (15) esti- 
mated that 14-15 lb. of concentrates are fed 
daily per cow. In a recent report (1), the 
concentrates fed per day, based on a 305-day 
lactation period, averaged 17 lb., with a range 
of 11-26 Ib. 

Phelps (10) found essentially the same grain 
feeding trends in southern California dairies 
of various sizes: 

1. Dairies with 70-99 cows fed 18 lb. per day. 
2. Dairies with 100-199 cows fed 15.4 lb. per 

day. 

3. Dairies with 200-299 cows fed 17 lb. per 
day. 

4. Dairies with 300-399 cows fed 16.8 Ib. 

per day. 

Dairies with 400 cows (and over) fed 16.8 

lb. per day. 

About 30% of the 123 dairies were feeding 
according to the cow’s production level. A 
system of neck chain-tags is oftentimes em- 
ployed in Los Angeles dairies that feed ae- 
cording to production. By utilizing a three- 
color scheme, cows can be divided into high, 
medium, and low grain groups and fed 
accordingly. 

The standard grains and by-products found 
in the concentrate mix are copra (coconut oil 
meal), barley, oats, wheat bran, beet pulp, cot- 
tonseed meal, orange pulp, and molasses. The 
mixture is ealled a copra-base feed, due to the 
large amounts of copra in it (25% on up). 
The average price paid for concentrates in 
1959 by 39 large commercial dairymen was 
$61.55 (range of $41.38-$70.66/ton). 

Dairymen in this region are convinced that 
copra is the most digestible of protein sources, 
and that it brings the quickest possible in- 
crease in butterfat production (17). This de- 
hatable point is not substantiated by any 
controlled research. Their faith in copra per- 
haps originated in the Low Countries and Den- 
mark, for there copra has been used as a 
livestock feed ingredient for many years. Dairy- 
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men from these nations are now prevalent in 
Los Angeles County and brought this practice 
to the area. Also, dairymen noted that during 
World War II their butterfat production and 
test would rise when a load of copra arrived 
and was placed in the mix. This is to be ex- 
pected, since research results indicate an im- 
mediate rise in butterfat test following short- 
term feeding of concentrates such as copra, 
soybean oil meal, or cottonseed oil meal, which 
are high in fats (8). 

Hay. Baled alfalfa hay is the standard 
roughage fed and amounts to 50% of the total 
cost of feed (15). Most of the hay brought 
into the Los Angeles milkshed grades 1 or 2 
leafy by USDA grading standards, and comes 
from the irrigated valleys of California. Ap- 
proximately 800,000 tons of alfalfa hay per 
year are consumed by dairy cattle in Los An- 
geles County (17). 

Dairymen, as a group, are overly critical 
of hay quality and look for leatiness, soft stems, 
green color, and first-cutting hay grown on 
hard land. Wurm (17) claims that any pro- 
ducer who has made a suecess in the Los 
Angeles milkshed owes much of it to his ability 
to select high-quality hay at the lowest possible 
eost. The average price paid for alfalfa hay 
in 1959 by 39 large commercial dairymen was 
$33.73 (range of $28.42-$37.55/ton). 

Replacements. To maintain milk production 
at a high level, dairy cattle are constantly 
eulled and replaced with replacements from 
within and outside the state. In 1958-59, some 
20,000 cows from 14 different states and Canada 
were imported into Los Angeles County. In 
addition, 33,443 head from other California 
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counties shipped replacements into this region 
(Figure 2). Weber (15) estimated that the 
annual culling rate is 44%. A 3-yr. study from 
1956-1958 (2) indicates that cows are replaced 
at the annual rate of 47% (with a range of 
15-939). However, during 1959 the annual 
culling percentage declined to 42%. Culling 
rates are based primarily upon the price dif- 
ferential between fresh and butcher cows. When 
heef cow prices were $25 per hundredweight or 
higher the average Los Angeles County culling 
rate was around 55% (15). 

The majority of the dairymen purchase their 
replacements as heavy springers through the 
local dairy cow market sales service. As a 
rule, Los Angeles dairymen buy large Holsteins 
with evidence of milking ability. Size is im- 
portant, because dairymen operate on the mar- 
gin between the purchase price and the cow’s 
salvage value. When the cow is to be culled 
she is sent to the nearby stockyards. Most 
cows in this high culling area go to market in 
good flesh, since their owners are usually heavy 
feeders. 

In regard to raising replacements in this 
region, Phelps (10) surveyed dairies in southern 
California in 1959 and reported the following 
information according to five size groupings: 

1. Dairies with 70-99 cows (11 herds). 

7 (64%) raised none of their replacements. 
3 (27%) raised 1-33% replacements. 
1 (9%) raised all of their replacements. 

2. Dairies with 100-199 cows (40 herds). 

25 (62%) raised none of their replace- 
ments. 
8 (20%) raised 5-20% of their replace- 


ments. 
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Fig. 2. Dairy cow replacement system (53,369 replacements in 1959) (12). 
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7 (18%) raised 90% of their replace- 
ments. 
Four dairymen raised their replacements 
on their own adjacent farms and three 
sent the heifers elsewhere for raising. 
3. Dairies with 200-299 cows (36 herds). 
24 (67%) raised none of their replace- 
ments. 
4 (11%) raised small numbers (no actual 
figures) of their own replacements. 
8 (22%) raised all or most of their re- 
placements. 
4. Dairies with 300-399 cows (15 herds). 
12 (80%) raised few or no replacements. 
3 (20%) raised all of their replacements. 
Two herds sent their calves to be raised 
elsewhere until they were brought back 
into the milking herd. 
5. Dairies with over 400 cows (21 herds). 
2 (10%) were raising only a small num- 
ber (no actual figures) of replacements. 
t (19%) were raising between 50-75% 
of their replacements. 
15 (71%) were raising 90% or more of 
their replacements from their own 
calves. 


There are several courses followed by dairy- 
men who value their calves. Some raise calves 
from birth to freshening on their own or ad- 
jacent dairies. They may raise them to wean- 
ing and then send them to some nearby area 
(Santa Barbara County or Imperial Valley) 
to be raised on a weight-gain basis. Others 
rent pasture and attempt to raise some of 
their replacements. Some sell calves for cash 
to calf brooders, when they are from day-old 
to weaning age. The weaned calves are then 
resold to others, who grow them out and re- 
market then as springers. The artificial breed- 
ing organizations also buy back calves by their 
own sires. This system has helped to stimulate 
business in A.lI. 

Testing. The Dairy Herd Improvement As- 
sociation testing program has been in existence 
for about 40 yr. in Los Angeles County. In 
1959, approximately 34% of the County’s cows 
were on D.H.I.A. test. These figures do not 
include the number of cows on private test, a 
procedure which some of the larger herds in- 
corporate into their program. The monthly 
production figures obtained on each cow on 
test are used primarily to cull cows. The feed- 
ing and breeding records also are used. 

Shipping right. This term refers to the 
dairyman’s contract with the milk-receiving 
plant. The dairyman’s base or the pounds of 
butterfat shipped as Class 1 production is 
established by the dairyman and buyer. The 
buyer guarantees Class 1 price for all of the 
established base. When a dairyman disperses 
his herd, the shipping right may go with the 
cows with an additional price added to each 
cow sold. If a dairyman does not buy or have 
a shipping right he must attempt to find a 
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market for his milk. Shipping rights demand 
a premium from one dairyman to another and 
they are searce. 

Other services. There are many services avail- 
able to dairymen in this region. There are over 
300 firms that supply or service the dairy in- 
dustry (15). For example, a dairyman can 
receive : 


1. A complete accounting service by man- 
agement specialists. 

2. A man to replace a set of rubber liners 
on milking machines for 50¢. 

3. Pregnaney diagnosis by a veterinarian 
for $.50-$1 per cow. 

4. Spraying of his barns and premises to 

control flies. 

». Hoof trimming. 

6. Commercial clipping of flanks and udders 
(required by state ordinances two times 
per year for cleaner milk production). 

7. Stops at regular intervals by a dairy 
supplyman to deliver soaps, detergents, 
brushes, ete. 

8. Emergeney downer and crippled cow 
service (24-hr. telephone service). 

9. Dealers for crippled, downer, and dead 
cows. 

10. Mastitis control service—5,000 cows are 
being tested in Los Angeles County. This 
program calls for following these sug- 
gestions (4): 


“Beware of high vacuum; avoid milk lift; 
keep pulsators in good repair; try narrow-bore 
liners if these are not already in use; take ad- 
vantage of natural milk letdown; avoid over- 
milking; employ the California Mastitis Test 
monthly on each cow; laboratory test milk from 
10% of the positive animals and also apply a 
sensitivity test to determine the antibiotie or 
drug, or combination, as a basis for herd treat- 
ment; treat and possibly re-treat California 
Mastitis Test reacting cows when they are in 
a dry stage with the drug, antibiotic, or com- 
bination recommended by a veterinarian. The 
dry stage is suggested to avoid any possibility 
of milk contamination.” 


LABOR 


Wages. The dairy industry of this region 
employs a very efficient type of farm laborer. 
The milkers, who are essentially specialists in 
their profession, receive higher wages than 
those in comparable positions in dairying in 
the nation as a whole. A large proportion of 
the milkers are unionized and the average wage 
runs around $450 per month. Certain em- 
ployers give milk to the milkers’ families. There 
is considerable competition for the labor foree 
and a bonus plan is in effect on many dairies. 
Skilled milkers can demand higher wages, due 
to many available milking positions, plus com- 
petition from neighboring industries and air- 
craft factories. Feeders and outside men av- 
erage around $350 per month and work in 
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general throughout the herd, whereas milkers 


are generally assigned to specific milking 
strings. 


Weber (15) estimated that 15-20% of local 
dairy production costs were labor expenditures. 
Albright et al. (2) ecaleulated that labor ex- 
penses (hired and family) amounted to 16% 
of the total costs of production. 

Labor management. The average number 
of cows per man was calculated to be 63, with 
48 hr. per cow per year in 39 Los Angeles 
dairies (2). Phelps (10), in a labor efficiency 
study of 123 dairies in southern California, 
found that the average total minutes spent per 
cow in the herd was 6.8. This would amount 
to about 42 hr. per cow per year, considerably 
below the standard of 60 hr. in other regions 
of California (10). 

Data from 111 dairies in the 1951 survey, 
compared with the 123 dairies in the 1959 sur- 
vey, show a remarkable increase in labor effi- 
ciency (10, 13). The greatest change was in 
the number of cows handled per worker, an 
increase of 50 to 79, or 58%. Average milk 
production likewise increased from 38 to 46 
lb. milk per cow, or 21%. There was a marked 
decrease in average milking time per cow from 
11.2 min. in 1951 to 7.5 min. in 1959—a de- 
crease of almost 4 min. per cow. When allow- 
ance is made for other jobs included in the 
milking operation it is probable that the milk- 
ing machines were on these heavy milking 
cows less than 6 min. 

Thirty-two per cent of the 123 herds in five 
different size groupings stripped all or part 
of the cows by hand. 
herds. Phelps (10) also found that 
the larger dairies were considerably more effi- 
cient. The fact that a milk pipeline system 
predominated in the larger dairies, while the 
bucket system was the most popular in the 
smaller dairies, was an important factor. The 
smaller dairies (less than 100 cows) used 30% 
more labor than the larger dairies (ever 400 
cows). Thirty-six more cows were being han- 
dled per worker in the larger dairies. 

Physical facilities. The parlor or walk- 
through barns in the study proved to be less 
efficient than stanchion barns. Workers in 
conventional barns handled almost 30% more 
cows and spent about 20% less time per cow 
than did the workers in parlor barns (10). 





Size of 


DAIRY 
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A recent study in southern California re- 
veals that pipeline milking required 10% less 
milking time than the bucket system (10). 
Weber (15) reported that pipeline milking sys- 
tems save around 20% in milking labor. Labor 
studies conducted in southern California in 
1951 showed that 15 dairies with pipeline 
milkers used 20% less barn labor per unit of 
milk than did 96 dairies with conventional 
systems (Table 3). 

Work organization. The Dorman time-and- 
motion study in Table 4 focused attention on 
the wide variation in the time required for 
milking barn chores (6). 

It is evident that changing cow strings, 
changing milking machines, machine and hand 
stripping, and washing cows were the most 
time-consuming items. Since this study was 
completed, a number of dairies have installed 
sprinklers in conerete to spray the underside 
of the udder. Pre-soaking by sprinklers is 
thought by many dairymen to reduce cow-wash- 
ing time in the barn (9). 

According to Pelissier (9), “Stripping time 
was influenced a great deal by personal opinion 
on proper technique. This study showed that 
it is possible to strip properly in minimum 
time. Training the cows to strip quickly fol- 
lowing their first freshening was thought to 
be a factor in fast stripping. Proper machine 
stripping, of course, reduced the amount of 
hand stripping required. It is very fortunate 
that the recommendations for efficient milking 
and mastitis prevention are compatible. 

“The time required for changing cows de- 
pended a great deal on type and size of barn, 
corral, and land arrangement, stanchion ar- 
rangement, size of herd, and work organiza- 
tion. Because of variations in milking barn 
procedure, it was not possible to separate the 
time required to change milking machines from 
the time required to carry the milk to the dump 
tank. The type of equipment used was of 
great influence on the time required to change 
machines from one cow to another. Pipeline 
milkers greatly reduced or eliminated the car- 
rying of milk, depending, of course, on strip- 
ping practice. Distance to the dump tank was 
also a factor that influenced the time required 
to carry and dump milk with bucket machines. 
A few spare milking-machine buckets enabled 
the machines to be in operation while the milk 


TABLE 3 


Comparison of pipeline, bucket, 


Number of herds 

Av. number of cows per herd 

Av. daily milk production/cow (Ib.) 
Hours milking labor/1,000 |b. milk 


and hand-milked dairies (13) 
Machine milked 
Hand All 
Bucket Pipeline milked dairies 
96 15 4 116° 
206 325 182 220 
38 36 33 37 
5.1 4.0 10.5 5.1 


*Tneludes one dairy part hand-milked, part machine-milked. 











Barn cleaning 

Setting up equipment 
Cleaning equipment 
Feeding grain 

Washing cows 

Priming cows 

Machine stripping 
Changing machines * 
Hand stripping 
Changing cow strings 
Leisure time 

Machine on cows (min.) 
Milk/minute labor (lb.) 
Minutes labor/cow 
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TABLE 4 


Per cent of 
total time 


“TIneluded carrying milk to dump tank. 
"Two herds did no hand stripping and are omitted from these 


TABLE 5 


TODAY 


Time required for milking barn chores (6) 
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Seconds per cow 


High 
14.0 


35.0 
43.0 
23.0 


Low 


figures. 


Commercial herd analysis for Los Angeles dairies (per cow)* 


Income 


Feed: 
Hay 
Concentrates 
Green feed 





Silage* 
Labor 

Herd replacement 
Mise. expenses 


Interest on assets @ 6% 


Per cent return on capital 


2.64 


Range 


13.2¢ 


€ 


c 


Average 
$633 


$325 
157 
156 
12 
100 
62 
96 
60 


5% 


Best” 
dairy 
$543 


$280 
150 
130 


Qt 
38 
67 
. 


35 
13.29 


Factors affecting prices of commercial dairies 


Price 
B.F/|b. 
Hay/ton 
Grain/ton 
Herd replacement 
Size: (Number): 
Cows 
Labor: 
Cows/man 
Hr/cow 
Producing ability: 
Cows dry (%) 
Milk/eow/yr 
B.F/cow/yr 


lb. Coneentrates/cow/yr. 
Concentrates/day" 
lb. Coneentrates/lb. milk 
Exeess TDN‘ 
Culling 
Investment/cow‘ 

“Data from Frazer 


on per cent return on capital investment. 
“Grain for 305-day record. 


silage. 
included in this survey. 


or 
wi 


a> + bo 
SO sa ee 


119 


44 


26 


13 
10,400 
359 
3,641 
1] 
1.7 
0 
24% 
$547 


and Tor 


$ 1.45 
35 
62 


308 
685 


98 
58 
32 
13,897 
49] 
7,766 
26 
ow 
27 
15% 


$ 1,523 
bet 


* Morrison’s 


Accounting Servic 


1.41 
31.60 
59.70 


257 


~ 


2.4 
14% 
44% 

996 


e, 


Feeding Standards. 


1.45 
3 
60 


195 


bal 


180 


86 
29 


28 
10,400 
368 
4,333 
14 

2.4 


= 


Los Angeles, California. 
*“ One-third of the dairies fed green chop and/or 
‘Shipping rights not 


Average 
11.0 
12.2 
1 


“rho = 


toro 


11.5 
31.0 
16.0 
28.0 
39.0 
45.0” 
43.0 
11.0 


o. 


m 05 0S 


4. 
4. 


Poorest” 
dairy 


$611 


$349 
161 
188 


116 
73 
20 
39 


G —2.6% 


1.45 
30 
60 
293 


348 


52 


48 


20 
9 oreo 
—s ie 
418 
6,136 
0 
2.0 
27% 
56% 
647 


» Based 
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was being carried to the dump tank in more 
efficient operations. It was also rather obvious 
that a milker’s ahility to reduce waste motions 
was an important factor. Work organization, 
convenience of equipment, and type of equip- 
ment available were also among the most im- 
portant factors influencing the time required 
to complete chores of lower time requirement.” 

Labor efficiency. Several factors influence 
labor efficiency in the highly mechanized dairies 
of Los Angeles. The relative efficiency of milk- 
ing and milk handling depends upon three 
broad factors, namely (1) physical facilities 
and equipment, (2) size of herd and produc- 
tion per cow, and (3) milking or management 
practices (10). 

One of the most important factors influenc- 
ing labor efficiency is high milk production per 
cow. Undue emphasis in recent years on barn 
design and milking equipment has thwarted 
attention from this important item. 

The influence of management practices on 
labor efficiency is difficult to measure, since the 
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individual skill of the milker and/or laborer is 
the crux of the problem. It is difficult to evalu- 
ate the influence of a specifie practice. Labor 
efficiency alone should not be the dairyman’s 
objective. It may be gained at the expense of 
such important factors as production per cow, 
herd health, and welfare. 


MANAGEMENT 


To protect his investment, the Los Angeles 
County dairyman must be a good businessman 
and dairy manager. He usually is found in the 
milking barn, often taking an actual part in 
the milking and always overseeing the entire 
operation. Management involves economic and 
human elements and, at best, is a tedious, con- 
tinuous job. Oftentimes, the manager or own- 
er’s main souree of relaxation is the solving 
of one problem before moving on to the next 
obstacle. 

Information compiled from 1956-59 on Los 
Angeles commercial dairies that purchased all 
or most of their replacements indicated that on 


TABLE 6 


Correlation between individual management factors and per cent return on capital investment 
for 34 Los Angeles County commercial dairies—1956, 1957, 1958 


Factor 


1. Income 
Milk 
Calves, manure, ete. 
Total income 


Costs of production 
Roughage 
Coneentrates 
Total feed | 


Hired labor 
Family labor 
Total labor 


Herd replacements 
Operating 
Interest on assets @ 6% 


Total costs 


3. Prices received and paid 
Price received per pound of butterfat 
Price paid per ton of hay 
Price paid per ton of concentrates 
Cow purchased costs 
+. Herd management factors 
Number of cows per herd 
Cows per man 
Hours per cow 
Cows dry (%) 
Pounds of milk produced per year 
Pounds butterfat produced per year 
Culling (%) 
Total investment per cow 
Feed efficiency (% excess TDN) over 
Morrison’s Feeding Standards 
feturn on capital investment 


* 











Av. per Standard 
head deviation Correlation 
$623.11 49.11 .295** 
10.78 .83 .087 
633.89 50.27 aes" 
168.63 25.14 O71 
151.91 27 — S67** 
320.54 25.21 ~.239* 
69.90 18.79 -.134 
32.89 16.02 .065 
102.79 13.96 —.106 
47.61 21.94 ~306** 
103.87 19.42 —.026 
60.25 14.32 —.263** 
635.06 52.59 —.368** 
42 02 .038 
31.57 2.28 .033 
57.35 4.99 -,062 
283.24 42.50 -.226* 
287 126.9 -.084 
63 10.4 .164 
48 10.3 .069 
23 4.4 125 
2,464 960.7 .231* 
444 34.6 263** 
46 15.7 .244* 
$1,002.63 239 .250* 
15 5.3 .064 
a.9% 3.9 


Significant at the 5% level of probability. 
** = Significant at the 1% level of probability. 
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the average these operations are well-managed 
and businesslike. The 39 dairies as a group 
had returns on capital investment averaging 
5.0, 6.8, 5.7, and 5.4%, respectively, for the 
t-yr. period. Averages are somewhat mislead- 
ing, because they tend to hide the accomplish- 
ments of well-managed dairies as well as mini- 
mize conditions existing in poorly handled 
herds. 

In Table 5, it is interesting to examine the 
range in data of these 39 Los Angeles dairies 
handled by a recognized accounting service for 
the year 1956. In comparing the extremes, or 
best vs. poorest dairy, in terms of per cent re- 
turn on capital outlay, several items were out 
of balance. One commercial dairy had a —2.6% 
return on investment/cow, whereas the top 
dairy had a 13.2% return on investment/cow. 

Although this dairy with the top return in 
investment had lower production per cow and 
$67 less income than the least remunerative 
dairy in the study, the manager had greater 
efficiency in terms of feeding hay and grain, 
managing labor (more cows per man and fewer 
hours per cow), with a lower culling percentage 
and less investment per cow. The poorest man- 
aged dairy fed 27% above normal feeding re- 
quirements—the highest amount recorded in 
this study. Perhaps 348 cows and the multiple 
problems associated with them are too much 
for him to handle. 

There are many interesting examples for 
1956, 1957, 1958, and 1959, and many of which 
are as variable as the information found in 
Table 5. For example, a dairy with a 93% 
annual culling rate, that essentially milked only 
fresh cows, had an 18.3% return on capital, 
or $96 per cow—the most profitable dairy dur- 
ing 1957. A review of the 1956-1959 figures 
concerning each of the dairies illustrates what 
factors of production are out of balance. If 
success is to be measured by strict adherence 
to a business-like approach or, more specifically, 
to a 5% return on investment, then compari- 
sons of each dairy with the averages are in 
order. 

Information has been caleulated at the Uni- 
versity of Illinois I.B.M. Tabulation Labora- 
tory to determine the relative importance of 
the individual factors of production as they 
affect per cent return on investment. The cor- 
relation between individual management fac- 
tors and per cent return on capital investment 
for 34 dairies that were in operation over the 
3-yr. period (1956-58) are summarized in 
Table 6. Such items as increasing total in- 
come; reducing concentrate feeding, herd re- 
placement costs, and total costs; increasing 
milk and butterfat production, and culling per- 
centage were indicative of greater financial re- 
turns for large commercial dairies. 
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It is important to recognize that this infor- 
mation would apply primarily to Los Angeles 
dairies under the prescribed restrictions, man- 
agement, and the conditions studied. 

Further investigation and study of the ma- 
terial in Tables 5 and 6 should be of interest 
to dairymen. These data do not contain spe- 
cifie answers to one’s personal dairy farm 
situation; however, they do contain material 
for further study, thought, and consideration. 
There is only one Los Angeles County, but the 
lessons learned in commercial dairying as prac- 
ticed there should be pondered and considered 
by commercial dairymen genuinely interested in 
the business of dairying, wherever they may 
be located. 
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OUR ASSOCIATION 


STATUS OF THE JOURNAL OF DAIRY SCIENCE AND ITS 
POTENTIALITIES ' 


E. O. Herreip 


Department of Food Technology, 


During 1959, 273 papers with a total of 
2,031 pages were published in the five sections 
of the JouRNAL, as compared to 271 papers 
for 1958, containing 1,844 pages. The sum- 
mary is shown in Table 1. 

It is encouraging to report that more papers 
are being received in a new area of public and 
research interest, namely, applied nuclear 
physics. 

The papers published in the JoURNAL are 
contributed chiefly by the younger men in the 
Association and much of the gradual improve- 
ment in the quality of the JouRNAL is due to 
their efforts. Their fresh approach to old 
problems, and the solution of new ones with 
improved techniques, have made the JOURNAL 
more worthy of its name. It is important that 
the very best publication climate be maintained 
in order to attract and hold their interest. 
Otherwise, they may publish their papers en- 
tirely in other scientific journals of equal or 
of superior prestige. For example, every mem- 
ber of the Editorial Board has published re- 
search papers, appropriate for a number of 

* Editor-in-Chief ’s report to the Executive Board 
at the 55th Annual Meeting of the American Dairy 
Science Association, Utah State University, Logan. 
1960. 


University of Illinois, Urbana 


other first-class journals and in the Association 
there are significant numbers of members who 
have done likwise. This is a tribute to the 
quality of work done by our members. There- 
fore, we should encourage our young s¢i- 
entists to their best efforts at the very funda- 
mental and applied levels of research. And 
always provide for them a respected JOURNAL 
of the highest scientifie integrity, to which they 
can submit their papers for publication. 


DEVELOPING THE JOURNAL 


The JouRNAL oF Datry SCIENCE is still a 
sleeping giant which has not arisen to nearly 
its full potentialities in this country—the great- 
est scientifie community in the world. Its pos- 
sible influence abroad has not been exploited. 

The future growth of the JouRNAL will de- 
pend upon: 

1. How well the JourNAL’s scientific integrity 
can be maintained and thereby earn the re- 
spect of more researchers in the other bio- 
logical sciences. This means a continuous 
improvement in research papers at the ap- 
plied and fundamental levels. 


2. The training undergraduates receive in prep- 


TABLE 1 


Distribution of papers published in Volume 42 


of the Journal of Dairy Seience for 1959 


Our 
Re- Tech- Indus- Re- Our 
search nical try To- view Sym- Associ- 
Papers Notes day Papers posia ation 
Month M* p» M P M P M P M M-P' M P 
——_——-— ——— . —(No. in each group)— a 
January 6 18 + 1 1 } 
February 6 10 3 3 ] 5 1 
March 10 7 3 ] 3 3 
April 2 15 ] ] $ ] 
May 7 5 $ 3 2 ] 
June 12 4 + 1 
July 3 12 + ] 2 
August 4 13 3 3 ] 1 
September 5) 7 3 ] ] 
October 2 7 ] 1 ] 1 2 
November 6 8 $ ] 1 l l 
December 5 10 2 
Totals 68 116 26 22 7 4 3 $ } 9 } S 
Grand totals 184 48 1] = 12 1] 


* Manufactures. 
” Production. 


Apply to both Manufactures and Production. 
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aration for the graduate colleges. It is very 
difficult to find, for graduate work, students 
with the necessary basic training. Some 
dairy departments in the nation might well 
reappraise their curricula and determine how 
they can be improved. Otherwise, graduate 
students will be recruited from other dis- 
ciplines, such as chemistry, physics, ete., and 
they may develop greater interests in other 
scientific publications. 


How successful efforts will be to increase 
numbers of chapters and to inspire students 
to become active members of affiliated stu- 
dent chapters of the American Dairy Science 
Association. This will hinge on enrollments 
in the various dairy science curricula over 
the nation and on how many undergraduates 
come from foreign countries. 


4. The opportunities for well-trained students 
in the educational and research and indus- 
trial areas. 

Whether industrial research centers will pub- 
lish their research or continue, for the most 
part, not to publish it. 


Outside of the English-speaking nations, the 
JOURNAL has only begun to make an impact in 
countries that have no scientific journal. It 
has international circulation in 66 countries, 
including all of the United Nations. This is a 
new frontier, into which the JoURNAL can be 
promoted to new heights of influence. This will 
require some initiative and imaginative plan- 
ning. There are small but strong groups of 
scientists in Japan, India, and in the Philip- 
pines. The scientists in these countries are 
doing as fundamental work on the chemistry 
of milk as is being done anywhere in the world. 
It is necessary that we maintain high standards 
for our JOURNAL, in order to attract papers 
from scientists in foreign lands. It is the duty 
of members, in every possible way, to encour- 
age scientists in other countries to become 
members of the American Dairy Science Asso- 
ciation and to contribute to the JOURNAL. 

Research published in the JouRNAL is being 
used to help our neighbors in many parts of 
the world. Members of our Association, repre- 
senting the educational institutions, U. S. De- 
partment of Agriculture, and industry, are 
doing a monumental job of establishing good 
dairying practices in the undeveloped nations. 
Simplified theory is being put into practice. 
These specialists are working in undeveloped 
areas in foreign countries, comparable to those 
in our country 50 yr. ago. We can expect that 
the better informed people in the undeveloped 
nations will be reading the JoURNAL OF DAIRY 
ScIENCE. Our specialists abroad are interna- 
tional teachers and seientists. The world is 
their campus at this time in history. 

*The Past-Presidents at their annual dinner 


at the 55th Annual Meeting discussed the Asso- 
ciation’s probable areas of service abroad. 
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JOURNAL IMPROVEMENTS 


Two improvements in the scientific aspects of 
the JouRNAL during the past 3 yr. can be cited, 
and authors of research papers and members 
of the Editorial Board have been responsible 
for both. First, the summary or abstract that 
precedes every research paper has been ae- 
cepted by abstract journals and readers as a 
useful contribution. Second, and most impor- 
tant, the quality of the research papers and 
their presentation have been improved. This 
is due to our dedicated scientists, the young 
and more mature ones, and to the careful re- 
viewing of all papers by a competent and con- 
seientious Editorial Board—the real backbone 
of the JourNAL. The format of the JouRNAL 
may be cited as the third improvement in its 
structure. It was readopted with Volume 41 
and features all titles on the front cover. The 
urgency now is to improve, in permanent ways, 
the seientifie aspects of the JourNAL. To this 
end, the Editor and the Editorial Board are 
giving much thought, especially to the prepara- 
tion by competent authorities of review papers 
that are needed in many areas of dairy science. 

A revision of the Guide for Authors, which 
was recommended by the Editorial Board for 
preparation more than a year ago, has been 
delayed. This delay was due to the fact that 
the new section on Interpretive Summaries 
took more of the Editor’s time than had been 
expected. However, it can be reported that the 
revised guide will be ready for publication late 
this vear. It is long past due. The new guide 
will be pointed toward helping authors pre- 
pare more uniform papers, based upon style 
and latest nomenclature prescribed by the Con- 
ference of Biological Editors for the fields of 
bacteriology, biochemistry, chemistry, physical- 
chemistry, nuclear physics, and other disci- 
plines in biology, physiology, and technology. 
The JourNAL will conform to the reecommenda- 
tions made by this conference, beginning with 
Volume 44. 


JOURNAL PROJECTS 


To encourage the sale of reprints,’ an ar- 
rangement was made with the Garrard Press 
whereby the galleys of papers believed to be 
of more than usual interest were to be held 
for 90 days. This was indicated in a footnote 
on papers destined for this category. This 
project did not increase the sale of reprints 
and it was abandoned. 

The JouRNAL recently received new recog- 


nition. The American Chemical Society is ex- 
perimentally producing Chemical Titles, the 


world’s first serial publication prepared with 
electronic computing equipment. It is pub- 
lished by Chemical Abstracts. The Editor was 
invited, and has agreed, to furnish an advance 
proof copy of the table of contents of each 
issue of the JourNAL. This will inelude the 


*J. Dairy Sei., 42: 1427. 1959. 
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authors’ names, title for each paper, and num- 
ber of pages. 

In August, 1959, a new publication venture 
was formalized. A proposal was submitted by 
N. L. VanDemark for publishing in the JouRNAL 
the eight papers presented at the Fourth Bien- 
nial Conference on Reproduction which was 
held at the University of Illinois in June, 1959. 
The Journal Management Committee, of which 
J. T. Reid was Chairman, approved this proj- 
ect and it was decided to publish these papers 
as a supplement to the JouRNAL oF Datry 
Science for April, 1960. These papers were 
written by eminent authorities in their areas 
of specialization. In fact, the list of those who 
attended the conference was also an impressive 
one. The JouRNAL oF Dairy SCIENCE gained 
prestige by being the medium of publication 
for these distinguished scientists. 

Another new journalistic venture was as- 
sumed, beginning January 1, 1960. This marked 
the appearance of the new section entitled In- 
terpretive Summaries. The development and 
current status of this section are presented in 
this report. 


POPULARIZING SCIENTIFIC PAPERS THAT 
ARE PUBLISHED IN THE JOURNAL 


Development. At the 52nd Annual Meeting, 
the Executive Board discussed the populariza- 
tion of papers in the JouRNAL or Datry Sct- 
ENCE for the first time during the present 
editorship. At that time Seeretary Judkins* 
reported that he was sending popularized ver- 
sions of research to trade and farm journals. 

At the 53rd Annual Meeting Secretary Jud- 
kins reported’ that he had sent popularized 
summaries to 103 different periodicals and 
some had shown more interest than others. In 
September, 1958, and extending through 1959, 
the Editor obtained the popularized summaries 
from authors of all papers and sent them to 
the Seeretary for his disposal to trade channels 
of communications. An examination of trade 
periodicals for 1959, in the library at the Uni- 
versity of Illinois, revealed that the popularized 
summaries, sent by the Secretary, had not been 
used as extensively in these periodicals as it 
had been expected they would be.° 

At the 54th Annual Meeting, the Executive 
Board accepted a recommendation of the Pol- 
icy Committee to consider the publication of a 
new applied science journal or to expand the 
popular section, Our Industry Today, in the 
present JOURNAL. President Fay was author- 
ized to appoint a committee of three to study 
this recommendation. D. V. Josephson was 
made Chairman and others selected to serve 
were Burdet Heinemann and W. M. Roberts, 
with E. O. Herreid and H. F. Judkins as ex- 


*J. Dairy Sei., 40: 996. 1957. 

5 J. Dairy Sci., 41: 1132. 1958. 

* Unpublished study filed with the Editor and 
Seeretary. 
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officio members. President Fay made arrange- 
ments for this committee to meet at Miami 
Beach, Florida, on October 7, 1959. J. T. Reid, 
Chairman of the Journal Management Com- 
mittee, attended. 

The report of this committee was published.’ 
The immediate action of this committee con- 
ceived and recommended the insertion of a 
section in the JOURNAL, giving an applied sum- 
mary of scientific papers in every issue. This 
action was approved by the Journal Manage- 
ment Committee and by a majority vote of 
the Board of Directors. It was made effective 
January 1, 1960. 

The project, Interpretive Summaries. The 
decision at Miami Beach, Florida, seemed rea- 
sonable and practical. But the editorial climate 
changed with the first responses from authors 
and when the first Interpretive Summaries 
began to arrive in November, 1959, and espe- 
cially after the Editor had consulted with his 
colleagues in journalism and with the station 
editor about problems invoived in this new 
journalistic venture. For the first time, it was 
realized that we were involved in an area 
which might be called interpretive science writ- 
ing, that required very specialized training 
and a knowledge of subjects in many related 
fields. This competence was not available (and 
still is not) wien the project, Interpretive 
Summaries, was launched. The Editor has 
learned much, and it has been an exciting ex- 
perience, but he is still a novice in translating 
research in Dairy Science into its most prac- 
tical and applied ways. A few authors do 
this well; others vary greatly in competence. 
When a summary is received the second time 
and is still unacceptable, the Editor rewrites 
it and then tries to compromise with the 
author(s). 

Results. Reactions to this new section of 
the JouRNAL have varied. Most of the favor- 
able comments have come from the dairy in- 
dustry and from extension workers, and the 
unfavorable ones have come from authors of 
papers, dairy departments, and from individual 
scientists. 

Two authors whose papers were unaccept- 
able and were rejected by the Editorial Board 
argued that the decision was inconsistent, be- 
cause we were publishing interpretive sum- 
maries that were not scientific and at the same 
time we were refusing some research papers 
for not being scientifie enough. These authors 
may not have been logical, but their viewpoint 
illustrates the editorial problems of trying to 
make one journal serve both the scientific and 
the applied fields. 

A few authors admitted that it was good 
experience for them to write their interpretive 
summaries, but believed they should be pub- 
lished in trade and in farm journals. 

Certain questions have arisen about publish- 
ing the Interpretive Summaries and it is be- 

7J. Dairy Sei., 43: 449. 1960. 
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lieved that they should be discussed, resolved, 
and decisions reached in an objective way be- 
fore the JouRNAL oF Datry SCIENCE is com- 
mitted to anything beyond its present scien- 
tific role. Some of those questions are dis- 
cussed, leading up to the final ones which are 
believed to be crucial. 


WHO SHOULD ASSUME THE RESPONSIBILITY 
TO POPULARIZE RESEARCH ? 

More than 95% of all research papers pub- 
lished in the JouRNAL or Datry SCIENCE come 
from the land-grant colleges and the labora- 
tories of the United States Department of Ag- 
riculture. In general, this ineludes funda- 
mental and applied research. It is sometimes 
difficult to distinguish between these types of 
research and it need not be done in this dis- 
cussion, The author(s) may or may not be 
able to predict a date when fundamental re- 
search may become industrialized. Applied 
research may be timely, dealing with the solu- 
tion of current problems, or it may be many 
vears ahead of its application. In either case, 
the authors of both types of research have a 
responsibility, aside from publishing their re- 
search in scientific journals, to explain their 
findings in terms that will be understood by 
administrative and supervisory personnel who 
might be most concerned with likely applica- 
tions to industry, and in some cases to the lay 
publie as well. The authority and responsi- 
bility for presenting research in popularized 
forms, and at the proper time, rests with the 
scientists and their administrative officers, 
whether they are in university or in govern- 
ment research laboratories. This is part of 
their job, just as they assumed it was to ini- 
tiate the work in the first place. Outlets for 
publishing popularized versions of research 
have expanded greatly during the past two 
decades. 

WHAT ARE THE EXISTING MEDIA FOR 
POPULARIZING SCIENTIFIC RESEARCH ? 


Attention will be focused on the more prom- 
inent media for popularizing and publicizing 
research. 


1. Forty-three land-grant colleges in this coun- 
try have publications in which fundamental 
and applied research can be published in 
popularized form. The one at Illinois is 
called Illinois Research. It is published 
quarterly at a cost of about $7,500 annually. 
Experiment station researchers by depart- 
ments are invited and urged to contribute 
to this publication. In general, this is the 
policy at the other 42 land-grant colleges, 
though the frequency of publication varies. 
In addition, many kinds of popular bulle- 
tins and cireulars are published by the ex- 
periment stations and extension services of 
the land-grant colleges. 
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2. The United States Department of Agricul- 
ture has a publication to which its investi- 
gators do contribute popularized versions 
of their work. It is edited by a professional 
science writer. 
All land-grant colleges and the United States 
Department of Agriculture and some com- 
mercial companies have a corps of exten- 
sion editors and workers and county agents 
who take the basie and timely work of their 
researchers to the farmers and to the indus- 
tries in simplified written and spoken form. 
A significant number of researchers can be 
also ineluded in this group. 
The dairy industry also has capable inter- 
preters of research. Over the years industry 
has been gradually consolidated into larger 
units and most of them have acquired well- 
trained staffs, capable of doing fundamental 
and applied research of excellent qualities. 
These staffs can also interpret the results 
of research and apply them to industrial 
operations. Twenty-five years ago there were 
relatively few trained scientists in the dairy 
industry. 
An infiuential group of educational confer- 
ences are sponsored annually by about 30 
college departments in the United States. 
These conferences feature new and scientific 
information in applied form and on timely 
topies. Frequently, the conference proceed- 
ings are made available for general dis- 
tribution and may be also published in trade 
journals. These conferences are attended by 
hundreds of personnel with supervisory and 
administrative responsibilities in the dairy 
industry. 

. The National Dairy Council, the American 
Dairy Association, and the Evaporated Milk 
Association have been actively engaged in 
popularizing and in interpreting scientific 
research for a long time. 

The Dairy Manufacturing Extension Spe- 
cialists sponsored a section of the program 
at the 55th Annual Meeting. This is the 
last of extension groups to organize and it 
could become an important educational link 
between the dairy industry and the research 
laboratory. 

Lastly, there are about 100 trade and indus- 
try periodicals that serve the dairy farmers 
and the dairy industry in this country. The 
specific objectives and functions of these 
publications are to provide simplified expla- 
nations of research for the practical seg- 
ments of their respective industries. In ad- 
dition, the coverage by radio and television 
has expanded greatly during the past 20 yr. 
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THE QUESTION (S) 

Since 43 land-grant colleges and the USDA 
have publications for popularizing the work 
of their researchers, together with many other 
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channels of communication, and since more 

than 95% of the papers published in the 

JOURNAL OF Darry SCIENCE are contributed by 

land-grant college and USDA researchers, it 

would be well to consider two questions, and 
there are no doubt others. 

1. Should the JournaL or Datry ScIENCE be 
a medium for publishing interpretive sum- 
maries in view of all the other industry 
media with trained personnel and facilities 
to do the job? 

2. Does the JourRNAL oF Datry SCIENCE serve 
the interests and needs of all groups of 
members in the Association? An objective 
survey is needed to answer this question. 


WHAT ARE THE ALTERNATIVES? 


1. To expend our resources to make the JouRNAL 
better, scientifically. This is how the JouRNAL 
has achieved stature over the years. 


2. To point the JouRNAL more toward industry 
than is now being done and in competition 
with the industry press which is organized 
to publicize timely information. 

3. To publish a popular supplement of the 
JouRNAL for the benefit of American Dairy 
Science Association members who are in 
industry. It would compete with the in- 
dustry press. 
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in the abstracts. Dr. G. W. Trimberger, Chair- 
man of the Production Section, Dr. Stuart 
Patton, Chairman of the Manufacturing See- 
tion, and Professor C. W. Nibler, Chairman of 
the Extension Section, were all most helpful 
in eliminating errors in abstracts that inevit- 
ably oceur with so many specialized programs. 
The abstracts were the best ones ever submitted 
for an annual meeting. Professors A. J. Morris 
and L. H. Rich went beyond the eall of duty 
in organizing an accurate schedule of all events 
for the Annual Meeting. 

For planning the format and in organizing 
the papers presented at the Fourth Biennial 
Conference on Reproduction, which were pub- 
lished in the April supplement of the JouRNAL, 
the help of Dr. N. L. VanDemark is gratefully 
appreciated. 

Finally, R. J. Garrard, President of the 
Garrard Press, and his associates, C. L. Hopper 
and Lois Hough, have done much to help main- 
tain editorial accuracy and efficiency. Liaison 
and cooperation between the Editor’s office and 
the Garrard Press have been gradually and effi- 
ciently improved, resulting in savings in both 
time and energy. This is the fruition of the 
wise planning of Chairman W. V. Price’s 
committee, which laid a sound foundation on 
which the work of the Editor, in relation to 
that of the Garrard Press, has been gradually 
integrated into an efficient organization which 
serves the editorial needs for the JOURNAL OF 
Dairy Science and for the Association. This 
system is the envy of many editors whose jour- 
nals are printed some distances from their 
editorial offices, as the JOURNAL was several 
years ago. It would be difficult, with present 
facilities, to handle the large number of papers 
if the JoURNAL were printed at some distant 
point, other than the present central geographi- 
cal location. 
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CALL FOR PAPERS FOR THE 1961 ANNUAL MEETING OF 


THE AMERICAN DAIRY 


SCIENCE ASSOCIATION ! 


G. W. TRIMBERGER 


Chairman, Program Committee, A.D.S.A. 


Department of Animal Husbandry, Cornell University, Ithaca, New York 


The 56th Annual Meeting of the American 
Dairy Science Association wil! be held June 
12-14 at the University of Wisconsin, Madison. 
Members who wish to present papers must 
submit titles and abstracts not later than March 
1. This deadline must be met to permit publi- 

*The procedures for preparing abstracts will 
apply also to abstracts submitted for the Eastern, 
Southern and Western Divisional Meetings of the 
American Dairy Science Association. Editor-in- 
Chief. 


cation of titles with the complete program in 
the May issue and abstracts in the June issue 
of the JournaL. Last year all but four ab- 
stracts arrived on time. If a large number 


of papers are suggested for presentation, those 
that arrive late may be assigned to be read by 
title or rejected entirely. 

Abstracts must contain no more than 200 
words by actual count. Abstracts longer than 
200 words cannot be accepted and will be re- 
turned to the author(s) by the Committee. An 
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original (on bond paper) and three copies of 
each abstract must be typed double-spaced. 
The original and one copy should be mailed to 
the Chairman, another copy to the Vice-Chair- 
man, and the fourth to the Secretary of the 
Section before which the paper is to be pre- 
sented. Eventually, the original copy will be 
sent to the Editor for publication in the 
JOURNAL. 

In the preparation of abstracts, the style 
and abbreviations of the JouRNAL or Dairy 
ScIENCE must be used. Please refer to abstracts 
in the June, 1960, issue of the Journau for 
guidance. Only initials of authors should be 
used, except in unusual cases where it may 
be necessary to use the complete name. The 
title of the abstract should indicate clearly the 
nature of the research. It should not be re- 
peated again in the text. The abstract should 
include, insofar as possible, the design and 
major results of the investigation. Only com- 
pleted research should be reported. Brief, essen- 
tial statistics will make the data more 
meaningful. 

All members of the Association are entitled 
to present papers. Participation by members 
of the industry and by senior members of the 
Association is particularly encouraged. Atten- 
tion is called to the Dairy Manufacturing Ex- 
tension Section program, and members are 
urged to participate. This is a subsection of 
the Manufacturing Section for 1961. The com- 
petitive presentation of papers by graduate 
students, initiated in the Production Section 
in 1959 and in the Manufacturing Section in 
1960, will be continued in both sections. 


Papers submitted for the Annual Meeting 
should be confined to research that Las not been 
reported previously. Abstracts of research ar- 
ticles accepted for publication by a scientific 
journal before the annual meeting are not 
acceptable, because this constitutes a duplica- 
tion. The Program Committee favors the gen- 
eral policy that an individual present only one 
paper and that his name appear as author on 
no more than two. The Program Committee, 
together with the Association membership, 
wishes to stimulate vigorous, sound research 
and realizes that the above restrictions may 
penalize some members engaged in full-time 
research. Therefore, the Committee has lib- 
eralized this policy to the extent that a member 
ean exceed these limits, but only if he or his 
department rates the abstracts in order of 
preference for orai presentation. If the total 
number of papers submitted by the member- 
ship is too great to include in the program, 
the Committee will assign some papers to be 
read by title only. In this event, consideration 
will be given to quality of abstract and re- 
search reported therein, number of abstracts 
per author and department, and importance of 
the research reported. 

The Program Committee encourages contin- 
ued improvement in quality of papers and in 
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oral presentation. Careful design of experi- 
ments and proper interpretation of results are 
necessary prerequisites. Strict compliance with 
the instructions for preparation of abstracts 
will simplify the task of the Program Com- 
mittee, and will improve the program. Careful 
editing of abstracts before submission is essen- 
tial. In the past too many abstracts have been 
lacking in this respect. 

All abstracts must be submitted on regular 
81% by 11-in. paper. The following form, with 
no capitals for the title, is correct and is in 
accordance with the form used in 1960: 

Utilization of carbohydrates posterior to the 

rumen-reticulum of the bovine. J. T. Huber 

and N. L. Jacobson, Iowa State University. 

If the author lists an address for an experi- 
ment station other than the University, or a 
USDA research branch, or a commercial com- 
pany, then the complete address should be pro- 
vided, as presented in the following example 
from the 1960 program: 

A study of dye reduction methods as platform 

tests for the detection of antibiotics. Burdet 

Heinemann, Producers Creamery Co., Spring- 

field, Missouri. 

Preparation of mimeographed copies of per- 
tinent data is desirable. At least 250 copies 
should be available for distribution. This can 
be supplemented by slides for projection on 
sereens, provided the author can adhere to the 
assigned time of 12 to 14 min. for presentation 
of each paper. 

Names and addresses of officers of sections 
to whom titles and abstracts should be sent are: 


EXTENSION SECTION 


Chairman: M. E. Senger, Department of Animal 
Industry, North Carolina State College, Raleigh. 
Vice-Chairman: W. R. Van Sant, Department of 
Dairy Seience, University of Arizona, Tucson. 
Seeretary: ©. D. MeGrew, Department of Dairy 
Science, Ohio State University, Columbus, 10. 


PRODUCTION SECTION 


Chairman: S. D. Musgrave, Department of Dairy- 
ing, Oklahoma State University, Stillwater. 
Vice-Chairman: J. C. Thompson, Ralston Purina 

Co., St. Louis, Missouri. 
Secretary: L. H. Schultz, Department of Dairy 
Husbandry, University of Wisconsin, Madison. 


MANUFACTURING SECTION 
Chairman: Burdet Heinemann, Producers Cream- 
ery Co., Springfield, Missouri. 
Vice-Chairman: M. L. Speck, Department of Ani- 
mal Industry, North Carolina State College, 
Raleigh. 


Secretary: D. M. Graham, Pet Milk Co., Research 
and Development Center, Greenville, Illinois. 


(The Dairy Manufacturing Extension Section is 
a temporary subsection in the Manufacturing See- 
tion. R. B. Redfern, Dairy Extension, North 
Carolina State College, Raleigh, is chairman and 
W. S. Arbuckle, Department of Dairy Husbandry, 
University of Maryland, College Park, is seere- 
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tary. All abstracts for papers in the Extension 
Section should be submitted through the regular 
channels of the Manufacturing Section, but should 


AMERICAN INSTITUTE 


OF 


DAIRY SCIENCE 


be identified for presentation at Extension Sec- 
tion meeting and a courtesy copy be sent to R. B. 
Redfern.) 


BIOLOGICAL SCIENCES 


TRANSLATION PROGRAM 


F. C. Harwoop 


American Institute of Biological Sciences, 


The American Institute of Biological Sciences 
is currently translating and publishing seven 
Russian research journals in biology. These 
journals are translated with support from the 
National Seience Foundation, which eager 
that such information be more widely distrib- 
uted to biologists throughout the world. It is 
hoped that this material will aid biologists in 
research, prevent duplication of work, give 
some idea of the work being done by Soviet 
scientists in the field of biology, and also bring 
about a _ better international understanding 
among scientists. 

Because of the support of the National Sci- 
ence Foundation, the AIBS can offer these 
translations at a fraction of their publication 
cost, with even further price reluction to AIBS 
members and to academic and nonprofit librar- 
ies. This reduction, the AIBS feels, places the 
translation within reach of all biologists. 

The journals currently being translated are: 
Doklady: Biological Sciences Section; Doklady: 
Botanical Sciences Section; Doklady: Biochem- 
istry Section; Plant Physiology; Microbiology; 
Soviet Soil Science; and Entomological Review. 

In addition to its program of Russian Bio- 
logical Journal translations, the AIBS has in- 


is 


2000 P Street, N.W., Washington 6, D. C. 


stituted a separate program of translation and 
publication of selected Russian monographs in 
biology. 

It was felt that the program of Journal 
translations was not sufficient to cover all of 
the significant work being done in all fields of 
biology by Russian scientists. With the aid 
of competent authorities, the AIBS has trans- 
lated and published six Russian monographs, 
and one monograph is in the process of being 
published. In addition, several prominent mono- 
graphs in various biological areas are being 
considered by the AIBS and the National Sei- 
ence Foundation for translation and publica- 
tion. The monographs that have been published 
are: Origins of Angiospermous Plants by 
A. L. Takhtajan; Problems in the Classification 
of Antagonists of Actinomycetes by G. F. 
Gauze; Marine Biology, Trudi Institute of 
Oceanology, Vol. XX, edited by B. N. Nikitin; 
Arachnoidea by A. A. Zakhvatkin; and Arach- 
nida by B. |. Pomerantzev. The manuscript for 
Plants and X-rays by L. P. Breslavets is in the 
final stages of preparation and should be pub- 
lished in 1960. 

Additional information pertaining to this pro- 
gram may be obtained by writing to the Ameri- 
can Institute of Biological Sciences. 
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RAPID DISK METHOD 
for Detection of 
PENICILLIN in MILK 
Reliable Sensitive Practical 


Direct assay method of Arret and Kirshbaum (FDA) for de- 
termining presence of penicillin in milk and dairy products. 


Media BACTO - ANTIBIOTIC MEDIUM I 
BACTO - SPORULATING AGAR 


BACILLUS SUBTILIS ATCC 6633 
Standardized Spore Suspension in 1 ml. ampuls 


Penicillinase BACTO - PENASE CONCENTRATE 
in 20 ml. and 100 ml. vials 


BACTO - PENASE DISKS 
Standardized Impregnated Disks 


Penicillin STANDARDIZED IMPREGNATED DISKS 
0.05 unit, 0.1 unit and other conceutrations 


Information on request 


DIFCO LABORATORIES 
DETROIT 1 MICHIGAN USA 











